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PREFACE

This technical report was prepared by R. G. Gean, P. A. Tilley, and T.
A. Palmer, Electrical and Computer Engineering Department, School of
Engineering, The University of Alabama in Huntsville. The purpose of this
report is to provide documentation of the technical work performed and of
results obtained under delivery order number 0006, contract number
DAAHO1-82-D-A008; Dr. N. A. Kheir, Principal Investigator. Dr. M. M.
Hallum, III, Chief, System Evaluation Branch, Army Missile Laboratory, U.S.
Army Missile Command, was technical monitor. Mr. Ernst Evers-Euterneck of
the Systems Evaluation Branch provided technical coordination.

The authors wish to acknowledge the valuable discussions and assistance
provided throughout the task by L. Ragland of the Systems Evaluation Branch
and C. Adams of the Aeroballistic Analysis Branch.

The technical viewpoints, opinions, and conclusions herein are those of
the authors and do not imply policies or positions of the U.S. Army Missile
Command.
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1.0 INTRODUCTION

The purpose of this report is to review the work performed and the
results obtained since completion of the previous delivery order reported
in [1]. The goal of this work was to provide a statistical evaluation of
IHAWK radomes. The areas of work performed include System Evaluation Test
Chamber (SETC) preparations, radome measurements, and data processing.

Section 2 of this report will present the hardware and software
changes incorporated to improve the accuracy of data. Changes in test
methods, the Radome Positioner software, and the Radome Measurements
System software resulted in improved accuracy by improving the acquisition
process. The actual tests performed and the results of those tests are
found in Section 3 while Section 4 provides a description of the pro-
cessing means used to analyze and to plot data. Section 5 presents an
outline of the major problems and difficulties encountered during perfor-
mance of the task. Conclusions and recommendations for possible future
improvements are presented in Section 6.
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2.0 SYSTEM EVALUATION TEST CHAMBER (SETC) PREPARATION

2.1 Introduction

SETC preparations continued throughout this task and included recon-
figuring the hardware for each entrance to the SETC. This was essential
since several groups share the SETC and each requires a different con-
figuration.

A Modification to the test configuration was made by using an offset
transmitter horn configuration to induce a known error. The error must
stay sufficiently large for the network analyzer to register a stable phase
measurement. Another SETC modification consisted of new software written
in Motorola 6800 assembly code and Fortran for the Radome Positioner and
Radome Measurements Receiver System. This software provides improved
operating systems which produce more usable, more complete data sets.

2.2 Phase Offset

Phase offsets measured by the network analyzer provide the signs of
error when plotting data. For radomes with very small boresight errors
the network analyzer could not provide a stable phase measurement. Thus, a
need existed to find a method to accurately test radomes with the available
equipment.

Studying the problem led to offsetting the transmitting horn by a
kn.n amount. The receiving antenna was boresighted on this offset horn.
After boresighting, the transmitting horn was returned to its original
center position and scans were executed. Using this method, an inherent
error (the amount of offset), which is of a magnitude large enough for the
network analyzer to operate accurately, exists. This offset is later
removed during data processing to reveal the true magnitude and phase of
the boresight error. The arrangement of the transmitting horn is
illustrated in Figure 1.

2.3 Software Improvements

Software improvements were made to both the radome positioner operating
system and the radome measurements receiver system.. Improvements in the
positioner are discussed in Section 2.3.1, and those for the measurements
receiver are discussed in Section 2.3.2.

2.3.1 Radome Positioner Improvements

A procedure has been developed for easy modification of the Radome
Positioner operating system. Working from previous documentation, source
files have been reconstructed and scored on master source file diskettes
with a Tektronix 8002a microprocessor development system. Using these
source files, the positioner program can be modified and recompiled as
needed. Subsequently, PROMs can be programmed with modified programs and
inserted into the M6800 based microcomputer which controls the positioner.
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Presently, all modifications are implemented using the Tektronix 8002a.
However, the source files could be transferred to any other 6800
Development System.

Using the method described above, a new scan pattern has been imple-
mented on the positioner. The previous positioner patterns were not ade-
quate for thorough analysis of radome boresight error and antenna pattern
measurements. This inadequacy existed because the area covered by the
scan was not sufficient to yield the full scope of information about the
antenna or radome. A careful analysis of the type of data needed revealed
that the scan pattern illustrated in Figure 2 was the most useful pattern.
The two most pertinent reasons were that (1) the shape of the radome
suggested a circular window and (2) the method of data analysis intimated a
raster-type scan.

The new pattern covers all data points necessary for current boresigh
error analysis and antenna pattern measurements. Execution of the pattern
(number 3) requires the following key-in sequence:

PROG 3
32.0
1.0

where 32.0* is the radius of the circular scan region and 1.0 is the number
of degrees between each azimuth scan. The revised operating system is pre-
sented in Appendix B.

2.3.2 Radome Measurements Receiver System Improvements

A procedure has been developed for modification of the Radome
Measurement Receiver System operating system. Previously, it was believed
that all calculations associated with radome boresight error and antenna
pattern measurements could be done during "real-time" operation. However,
it was determined that the receivet could not sample each point, perform
all of the required calculation, and store the results before the radome
reached the next sample point for the density of data desired. All of the
calculation routines have therefore been removed from the operating system.
This resulted in a more than 60% decrease in the total size of the object
code file. In addition to this reduction, the FORTRAN main routine was
decreased in size causing another 10% reduction of the total operating
system size.

Previously, it was necessary for the operator to interact on a machine
level in order to select a sample size. This interaction has been elimi-
nated by enabling the FORTRAN main routine to pass the variable to the-
assembly routine, CNTL. Modifications have been made to CNTL to enable
the receiver to sample on integer degrees within + .043945". This is
important for precise calculations of boresight error slopes. The revised
software is presented in Appendix C.

4
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3.0 SETC TESTING

3.1 Introduction

The majority of tests covered by this report are tests which have
been repeated using the induced offset described in Section 2.2. The
tests fall into three groups: (1) accceptable radomes, (2) obstructed
radomes, and (3) no radome.

3.2 GROUP 1 - Acceptable Radomes

This group of radomes include those which have passed final quality
assurance inspections. Twelve IHAWK radomes in this category were tested.
These tests were repeats of prior tests which did not use the induced off-
set test method. Vector plots obtained after removal of the known bias
show uniformly distributed errors. The largest boresight errors are
slightly in excess of one-half degree. The areas of least boresight error
occur along the azimuth and elevation axes. Examples of these plots are
presented in Figures A-1 through A-5 in Appendix A.

3.3 GROUP 2 - Obstructed Radomes

In an effort to better understand the offset horn configuration, an
IHAWK radome was tested using a plexiglass obstruction. The purpose of
this test was to observe the effect of the offset method on the large
errors caused by placing an obstruction in the radome. Plots show that all
errors not affected by the blockage are pointing toward the center of the
radome. However, azimuth errors affected by blockage are pointing away
from the center. The reason for this deviation may be a change in the
polarization of the signal as it passes through the obstruction. Plots of
this data are also included in Appendix A in Figures A-6 through A-10.

3.4 GROUP 3 - No Radome

Two tests were performed with no radome attached to the gimbal. The
first test was run using the standard horn configurations. The purpose of
this test was to check the testing equipment and the anechoic chamber;
also, this test served as a comparison for the second test with no radome.
The second test was made without a radome but with the horn positioned
using the offset bias. This test was then compared with the previous test
to detect any inconsistencies between the two configurations. The results
of both tests were satisfactory with each showing only negligible errors.

0
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4.0 DATA PROCESSING

4.1 Introduction

This section reviews the methods used to provide analysis of the

data obtained during radome tests. The plotting programs and the sta-
tistical analysis program are discussed. Additionally, the method used
to remove the induced bias are explained.

4.2 Removing Offset

With the configuration illustrated in Figure 1 and the dimensions of
the anechoic chamber, there exists an offset of approximately 1.80 in both
azimuth and elevation. Since exact positioning of the offset horn is
unrealistic, the exact position can only be said to be within +0.10 of the
desired value. The error, looking through the center of the radome, should
be zero, and the overall average should also be zero. Thus, the average of
all errors can be subtracted from each data point to compensate for small
errors in alignment. Since the.offset error is simply added to the true
error, the total average of all errors is subtracted from each data point
to compensate for both small errors in alignment and the + 0.10 unknown
offset error.

The average value is subtracted from each point of raw data with the
result being stored in a new file containing the true boresight error for
each set of azimuth and elevation angles. Date can then be retrieved
by one or more of the plotting programs described in the following section.
Plots of the data reflect the true boresight error values.

4.3 Plotting Programs

The two types of plots produced during this task were boresight error
',ector plots and boresight error three-dimensional plots. Minor adjust-

ments to the existing vector plotting program allowed this program to
access the file which contained data with the offset removed. These vector
plots display azimuth and elevation errors in the form of a pointing vector
emanating from a footpoint which is placed at integer values of azimuth and
elevation angles.

Also utilized were two variations of the three-dimensional plotting
routines. The first variation was the CARPET program which is normalized
and produces a three-dimensional plot with all points connected by lines.
The second was the program, CARPET 2, which is the same as CARPET except
that it removes the lines which should be hidden, producing an easily .
readable plot. Example3 of these plots are included in Appendix A, and a
more detailed description of the actual plotting programs can be found in
[1].

4.4 Statistical Analysis

The same methods of statistical analysis described in the report
"Radome Boresight Assessment" [1] were utilized during this task. Data
collected in the radome tests has been stored to facilitate rapid statisti-
cal analysis.

7b _ _ _ _ _ _ _ __ _ _ _ _ _ _ _



5.0 TESTING AND PROCESSING DIFFICULTIES

5.1 Introduction

Fewer difficulties arose during this task than during previous tasks.
However, the following equipment and phase coordinate problems are con-
sidered significant.

5.2 Equipment Problems

At the beginning of the testing period, two radomes were tested and
analyzed with the results being acceptable. Based on these results, the
remaining tests were conducted prior to plotting and analyzing the data.
This was required due to time limitations in the SETC. After testing was
completed, discrepancies in phase were discovered in the last nine sets of
data. This problem was traced to a phase line being grounded. After this
problem was corrected, it was necessary to repeat the tests which yielded
unacceptable data. Repeated tests provided acceptable results.

Another topic for discussion in this section is the computer system
available for radome analysis. Although there has been a significant
decrease in down time, terminal access remains a problem. Inavailability
of terminals connected to the system has caused several delays.

5.3 Phase Coordinate System

Processing statistical evaluations of several sets of raw data unexpec-
tedly revealed overall boresight averages with a negaiive azimuth value and
with a positive elevation value. Since this was not expected while using
the offset method described in Section 2.2, investigations to find the
cause were conducted.

The problem was eventually solved by showing that the test equipment
is arranged in a manner whichi logically reverses the apparent error during
the test. For an observer positioned behind the antenna and looking in the
direction of Ra (see Figure 3), a positive pitch (elevation) error indica-
tes that the actual target location is above the Ra axis, as expected.
However, a positive yaw (azimuth) error indicates that the actual target
location is to the left of R. in the yaw plane (2].

8
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6.0 CONCLUSIONS AND RECOMMENDATIONS

Plots resulting from the use of the new offset horn method are
accurate, readable, and present a better overall representation of the true
boresight error induced by the radome. Software improvements have proven
to be reliable and time-saving tools aiding in the performance of radome
testing. Due to these software improvements, the possibility now arises to
study boresight error slopes. Boresight error slope is an important
characteristic since it indicates the rate of change of the boresight
error. Knowledge of this race is significant for missile response since it
can be used to predict future boresignt errors by utilizing the information
of target movement.

The majority of the recommendations presented in [1] have been imple-
mented. A time-saving recommendation repeated here is the need for a means
to transfer data directly from the test system's floppy disks to the data
processing system. This modification would also eliminate the need to
acquire data cassette tapes. Other recommendations include improved
plotting capabilities (possibly on site) and the acquisition of a graphics
terminal dedicated to radome testing.

"I
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Boresight Error Plots
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Appendix B
Radome Positioner Software Listing



C FORTRAN SOURCE DRIVER FOR RMP-V2. 1 TIM PALMER
C INITIALIZATION

COMMON I SAmP
ISRMP =21.0

I PRINT 2
PRINT 4
PRINT 6
PRINT 8

2 FORMAT (F THE UNIVERSITY OF ALRE:RMA IN HUNTSVILLE')
4 FORMAT ' RADOMIE MEASUREMENTS RECIE1'EP VERSION 2.1''")
6 FORMAT ' MODIFIED% 10 2'
8 FORMAT (' BY: T PALMER'

PRINT 103
PRINT 12
PRINT 14

Il FORMAT I ANTENNA SHOULD BE EORES IGHTED'
12 FORMAT ( 2> POSITIONER GIMBAL SPEEDS SHOULD BE SET')
14 FORMAT ' POSITIONER 'SHOULD BE AT FIRST SAMPLE POINT'.
15 PRINT 16
16 FORMAT(' l=BORESIGHT ANTENNRA 2=COtlTItUE:' )

READ 18, IDUM
18 FORMAT()

GO TO ,50,20;,IDUM
GO TO 15

20 PRINT 22
22 FOPMRTV' ENTER SAMPLE SIZE C0.5-2.AY:')

READ 24,SAM
24 FORMAT )

IF (SAM .LT. 0.5 .OR. SAM .GT. 2.0) GO TO 20
ISAmP=SAri,. 0i
PRINT 245

245 FORMAT' . E26 FORMAT' I =GO,2=ABOFT,E -AN' TIME=ESCAFE:
CALL OPENIT

25 PRINT 26
READ 28,II'UM

28 FORMAT')
GO TO (O,22,IDUM
GO TO 25

30 PRINT 2~t5
305 FORMIAT ' TEST N1OW ACTI'.'E.. ',

CALL CtITL
PRINT 31

31 FORMAT'' END OF TEST:',)
GO TO I

32 PRINT ":4
34 FORMAT, ' TEST AEORTED: '

GO TO I
50 PRINT 52
52 FORM'IAT'' REBOOT SYSTEM.T','PE <LOAD SIG>'''

END

B-i
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HAM CNTL

OPT R.EL

"REF DSCT: TXBUF2,A:BIN, ELE:IN, A:PELP, FIRSTP, TDAZ, TDEL
~REF PSCT:NETANILRADLO.A!M. INIT.WFITERCLOSIT
XDEF CHIL

CSCT

!SAt1P RF15 2
DSC T

ASSAZ RMS 2
ASSEL RMB 2
AZCT RMS 2
ELCT RMS 2
LSAZ P115 2
ISEL P115 2

PSCT

CNTL JSF: IIT
JSR AIM *GET ANGLES ITO A-E-INELE:IN

TSTLP LDA A QFC5H *CHECK KEYBOAFD FOR AN "E"
CMP A #45H
SHE SMPL
Jmp TSTND

SMPL JSR AIM
LDX AZEIN
STX ABSAZ
LDX ELBIN
STX ASSEL

TA: LDA A A:ISIN
AND A #08 *CHECK FOR NEG:ATIVE ANGLE
SEQ PAZ *GO IF POSITIVE

HARZ LDA A 030
LDA 5 #00 *GET ASS VALUE OF AZ
SUB A ABSIN+I
SEC S AZEIN
STA A ABSA:*1
STA B ASSAZ

PAZ LDA A ASSA:+ I
LDX #0600
STX TDA:
STX RZCT
JSR AZDLP
LDA A AS+
LDA B AB8S A
SUB A TDA:+I
SEC S, TDAI:
TST 8
ONE EXT
ClIP A #0!
SGT EX.
LDA A A:EIN1+I
LDA B A:EI N
suB A LSAZ7'1
SEC S LSC-
SM! LSOTR
SPA AGrTP

LS';TF ti IA L A+I

B-2



Sue A Aze81W!
SEC EP A BIN
ClIP H #Pu:

BRA EXT
AZGTR LDHI A A4BIN+I

LUR B RZBIN
suB A LSAZl
SEC B LSAZ
ClIP H #0i
BGT GSM'P
BPA EXT

E>2T JMF' TSTLP
GSMP LD):: RBIN

ST" AIZP
8TIh LSAZ

L :' ELBIN
Sn:'. ELP
ST,., LSEL
JSR NETANL
JSP RADLO

*D TXBUJF2+2
LDA B #22
JSF, WRITER
im1p TSTLP

TSTND JSF CLCJSIT
RTS

AZDLP suB. A ISAIIPtI
86C 6 ISAMP
BI DSAZ
PSH A

LDA A AZCTtI
LDA B AZCT
ADD A #01
ADO e #00
STA A AZOTtI

PUL A
BRA AZDLP

DSAZ LDA A AZCT+l
LISA 6 AZOT
SUB A #01
86C S' #00
STA A AZOTtX
STA 8 P1201
BMI DON2
P8W A

LISA A TDAZ.1I
LISA B TDAZ
ADD A ISAMP'!
ADC: B 1SAMP
STA A TDAZ+1
STA B TDAZ
PUL 8
PUL A
BRA, DSAZ

D0112 PT:-
END
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NAM INIT

OPT REL

XPEP ANY: CRBEnPBDsp6':-CF1,9SR.cpz
XL'EF INIT

PSC T

INIT CLF CRE: *INITIALIZE PIA
LDA A #O3FFH
STA A DDRB
LDA 6 #04H
STA B CRB
STA A DDRB
LDA A #@SH *INITIALI:E ACIA'S
STA A SPCR1
STA A SRCR2
LL'A A #81H
STA A SRCRi
LDA A *OIH
STA A SRCR2
RTS

END
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HAM AIM

OPT REL

XDEF AIM

XREF ANY: DHTA, MUX, GA IN- CONVRTs STATUS

X4EF D.SC T: GA I N 1, C HA, A:6-E' I t 1 ELE: I IN

*4 SUE:ROUTINE TO READ THE RZ AND EL ANGLES FROM ANALOG PORTS
** ANGLES ARE Oil CHAN 3 FOR AZ HND 4 FOR EL

PSCT
AIM LDA A GAINi *SET A,/D GAIN

STA A GAIN
CLR CHAN *CLR CHAN POS [TI ON
LDA A #02 *LORD IU:.; TO 02 TO READ CHAN 3
STR A MUX
LDA A CHAN *INITIALIZE CHAN TO 3
ADD A #3

BE'A.CK STA A CHAN
STR A CONYFT *START UOI:'EFSION PROCESS

CKSTAT LDA A STATUS *WAIT UNTIL STATUS READY
BPL CKSTAT
LDA A CHAN
CMP A #4 *CHR 3 HAS EEEN READ READ CHAN 4
BEO CHRN4
L D:.' DATA *PEAD AND STORE A7 ANG
ST:; AZEIN
LDA A CHAN *INCErENT CHAN TO 4
ADD A #1
STAR A CHAN
INC MU:: *INCREMENT MU: TO 03 TO READ CHAN 4
BRA 6BBACI *EPRANC BRAC TO RERD CHAN 4 THE EL ANG

CHAN14 LD': DATA
STI:1 ELSIN4
RTS
END

B-5
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NAM NETANL

OPT REL

XREF ANY: GA IN ::TATIJS, DATA, CONVRT, MU::, DTRPB
XREF DSCT:SAVE', GFINI4 ,SWITCHWHICHFOIAOFFSETSW'ILOCSWIOS
XREF D$C.T:CHAN TIiE TWOOUTLOC
XREF PSCT: C:OMPUT, WRIT
XDEF NETANL

PSCT

-4- "INETANL" SUBF'OITINE
- CONTROLS 'AI1PLIG OF SUN. AZIMUTH, AND ELEVATION DATA. ALSO CONTROLS

-- THE CONVERSION OF THIS DATA INTO DIGITAL FORM.
EXIT: DIGITAL 'TWO'S COMPLIMENT) DATA IS STORED IN THE ORDER IT

-* WAS TAKENL UNDER THE FOLLOWING LABELS;
SAMRPSUM, PHASUM, AMPAZ, PHAAZ, AMFPEL, PHAEL

ETANL PSH A * SAVE ACC A
PSH 6 * SAVE $CC B
STU' SAVE"' * SAVE X REGISTER

LD A GAIN4 *SET GAIN OF RDC AMP
STA A GAIN

CLR SWITCH * SET SWITCH MEMORY OUTPUT POINTER TO ZERO
CLR WHICH * SET SWITCH POSITION POINTER TO ZERO

=XT INC WHICH * INCREMENT SNITCH POSITION POINTER

LDA A WHICH * LOAD ACC A WITH SWITCH POSITION
CrIP A FOUR * CHECK IF SWITCH P''.ITIOnf IS STILL VALID
SEO RESET * IF NOT, RESET SWITCH

STA A OFFSET * STORE OFFSET = WHICH TO COMPUTE NEW ADDRESS

LD, SWILOC * LOAD :2 REGISTER WITH ADDRESS TO BE CHANCED

JSR COMPUT * JU1P TO ROUTINE TO COMPUTE NEW ADDRESS

LDA A 0,; * LOAD THE CODE FROM THE COMPUTED ADDFESS IN ACC A

STA A DDFB * SEND THE CODE TO THE PIP TO SWITCH THE SWITCH

CLR CHA r * SET CHRfI1EL P', IrT : TO -EFO
CLR MU;:I * SET ACTUAL CHANNEL TO Z-ERC

LD:< TIME * LOAD ,: REGISTEP WITH TIME CONSTANT FOR WAIT ROUTINE
JSR WAIT * GO TO WAIT SUBROUTINE

EPA I 1 O ONL',' L" FflLLfHI w - lfr=l - " - '.:-. ..'-
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CHANN2 INC MU: * INCtENIEIT ACTUAL ,HGi, LHEL
LDR A CHAN * LOAD ACC A WITH CURRENT CHANNEL POINTER
ADD A TWO * INCREMENT BY TWO
STA A CHAt *, STOFE NEW POINTER

CHANNI STA. A CONVRT * START CONVERSION PROCESS B' WRITING INTO MEMOPY

CKSTAT LDA A STATUS * CHECK STATUS UNTIL READY
BPL CKSTAT * WHEN READY CONTIHUE

LDA A SWITCH * LOAD ACC A WITH SWITCH MEMORY POINTER
ADD A CHAN * ADD CHANNEL POINTER
STA A OFFSET * THIS IS THE OFFSET USED TO CONIPUTE THE OUTPUT ADDRESS

LDX OUTLOC * LOAD THE X REGISTER WITH THE FDDRES TO BE CHAiNGED

JSR -COMPUT * JUMP TO THE ROUTINE TO COMPUTE THE NEW ADDRESS

LDA A DATA * GET FIRST BYTE OF DATA
STR A 0,X * STORE IN PREDETERMINED POSITICzI

INX * INCREMENT OUTPUT ADDRESS

LDA A DATR+1 * GET SECOND BYTE OF DATA
STA A OiX * STORE

LDA A CHFN * CHECK IF ONLY CHANINEL I HAS SEEN DONE
BEQ CHANN12 * IF SO GO DO CHANNEL 2

LDA A SWITCH * LOAD RCC A WITH CURRENT SWITCH MEMORY POIN|TER
ADD R FOUR * INCREIET BY FOUR
STA A SWITCH * STORE NEW POINTER

BRA NEXT * REDO ROUTINE FOR NE"T SWITCH :OSITION

RESET LDR A SUIPOS * LORD ACC A WITH CODE TO TURN --WITCH OFF
STA A DDRS * TURN SWITCH OFF

LD:'X SA'E:c * RESTORE '. REGISTER
PUL 5 * RESTORE ACC S
PUL A * RESTORE RCC A

RTS * RETURN TO CALLING ROITINE

END
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NAN COMFIUT

OPT REL

XDEF COMPUT
XREF DSCT:LOGOFFSETZERO

PSCT

* "OMFUT" SUBROUTINE
** , ADDS AN EIGHT BIT NU'lEER .OFFSET., TO A SI:;'TEEN BIT NUMBER (ADFE:,.
** ENTRY: X REGISTER -- ADDRESS
S* I OFFSET -- OFFSET

EXIT: X REGISTER -- MODIFIED RDD ESS
S* A AND B ACCUMULATORS ARE SAVED

COMPUT STX LOC * TEMPORRILY STORE ADDRESS TO BE CHANGED
PSH A * SAVE ACC A
PSH A * SAVE ACC A

LDR A LOG * LOAD ARC A WITH MS BYTE OF ADDRESS TO BE CHANGED
LDA B LOC+I * LORD ACC B WITH LS BYTE OF ADDRESS TO BE CHANGED4i
ADD B OFFSET * ADD OFFSET TO LS BTE
ADC A Z ERO * CARRY IF NECE3SSARY

STA A LOC * TEMPORARILY STORE NEW ADDRESS
STA B LOC+1 *

LD'. LOC * LORD THE X REGISTER WITH THE.NEW ADDRESS

PUL B * RESTORE ACC B
PUL A * RESTORE ACC A

RTS * RETURH 10 CALLING PFOGRAM

END

B-8

II I NM



NAM WAIT

OPT REL

XDEF WAITPSCT

** "WAIT" SUBROUT IHE
** STALLS (TIME:) (1I00 IICROSECOID'..- WHrU'E TIME = CONTENTS OF X REGISTER
.4 ACCUMULATORS F AND B ARE NOT AFFECTED

WAIT PSH A * SAVE CONTENTS OF AGC A

LDA A #OE:H * LOAD ACC B WITH INITIAL COUNTDOWN

WAITI DEC A * DECREMENT FOP COUNTDOWN
BNE WAITI * REDO IF COUNTDOWN IS NOT FINISHED

LDA A #OFH * LOAD ACC A WITH SUE:SEOUENT COUNTDOWN

DEX **DECREMENT TIME
BNE WAITI * USE MORE TIME IF TIME > 8

CMP A el3,> * STALL FOR 5 MICROSECONDS

PUL A * RESTORE CONTENTS OF ACC A

RTS * RETURN TO CALLING ROUTINE

END

B-9
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HAM RADLO

OPT REL

XREF DSCT:HEAJR, FINAL
XPEF DSCT:G1IDSEA:!B;SEEL.A:BSINEL:IN
XRES DSCtT:AMPSLIM, FHASUM. iIPA: PHAA:-,ArtIFEL, PHAEL
XREF DSCT:- T::<UF2
XREF ANY 1MSBP, G1LSEP. BANSBP, SP' BASP- BEESEP,EBELSBPXREF ANY: ABMSE~P AELSEP 9 EBMSeP, EE-:S:P
XREF ANY: ASMSBP.ASLSBF.PSMSESP~pcLcsp
XREF ANY: AANSEP 9AALSB PRMSeP, PALSE--PXREF ANY: i'AENSEP, AELSBP PEMSBP, PELSe.P
XREP ANY : DACA ., DACA2. DACA3, DACA4. DACA
XDEF RADLO

PSCT

-* RADLO" (1) LOADS THE RADOME MEASUPEMEtITS
-* INTO THE BUFFER FOR THE RFSS INTERFACE(2) LOADS THE DAC'ST

9DLO LDX,, HEADER *LOAD HEADER AT TOP OF BUFFERSTX TXE:'UF2'
LDX FINAL *LOAD FINAL AT BOTTOM OF BUFFERSTX TBIJF2+24
LDX #TXBUF2 *LOAD BUFFER STARTIUC ADDRESS INTO X
LDA A Gl *LOAD BUFFER ACCORDINMG TI:

LDA B j~ PREDETERMINED BY',TE POSITIOfis:
STA A 2,xK
STA B :3,2 1.
LDA A BSEA-Z
LDA B BSEAZ'q
STA A 4,' '
STA B 5.:<X
LDA A BSEEL
LDA B BSEEL*l
STA A 69<
STA B 7,X
LDA A AzBIti
IDA B A:E;tl
STA A SiXe
STA B 90:
LDA A Elt
IDA B ELE6ltI

3-10
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6TA B 11~>
LEA A IFSJM
LEA 8 At1FSUN+1I
STA A 12vX
STA 8 13oX
LDA A F'HASUM
LDA B PHASUMt1
6TA A NioX
STA B 15tX
LDA 8 AMPAZ
LDlA B AMFAZ+1
STA A 16.X
STA B 17%X
LDA A PNAAZ
LE'A B PHAAZ+1
STA A4 189X
STA 8 I9iX
LDA A AMPEL
LDA B AMPEL+1
STA A 20tX
ST8 B 219X
LDA A PI-REL
LDA B PHAEL+1
STA A 229X
STA B 239X

LDX cl
STX DACAL1
L DX PSEAZ
S TX uACA2,
LDX AZBIN
STX DACA3
LD>X BSEEL
S TX DAICA4
LDX ELBIN
STX DACR95

RIS

END
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NAiM ;-DA TA

OPT REL

"DEEF DEGPr'' TEN- TWENT., iCOllN I C j' C cTS. T M*: 2, F IR PF
NDEF AZPq ELF * 1' ILE T DE' G* PAiNEL - IlIFIEL * PWiIFC-F I1HNH
XUEF G I - B;EAZ BSEEL RE II).u LiEFCB. ELIE, B" F G,1EL -I'An
VNUEF BACA I s AC H6. - E'H A3 DAC' 14. I'M' A5. GONilEEF 4n
XDEF 1,AHIT: P. LHAL '.F. - E1l: E.P K[E L SEF PSD tlR. DL,- EF .t- EP A ItL E
,:DEF E 1r-l:. 9E D L SER. - 111', PEP G ILS EF ,E:A rlSB .E:A L,: E lEF - B E LEFP
X . EF A E:F,- E. T E MP: 1'
XDEF AE:MSE.P AlL' Fr' 4 ['P EEL'EP
::BDEF ASHS--.E:wr L S LLrS.E:L'P
":AE AAIISE:P. ALCSEF P A N, PER L ASE.R
"IEF AENIS~p AP-EL'Z -E P ENS.B PEL SEP
::r'EF $FlAaiFIF.SFG1pSF8E

r.EF TE'A7. TDEL. HEAt'ER F IIHAL
TBE THP'; I N

1,E 1RF I, FE 7r6ISEN H *DEGREES TO RADiIAN': COfVI'ER2IOFtI FACTOF 074

T 7, FEE 1" -lTHE NUI- MBER TEN 10li
%~EW.i FOE -C *THE HUMEEF TWEIFT' 201C

I:I1 FOE. C,'C, I -C' H .0 I.

Cd: FLL '~:EH *EEI;EES:- To r.11_I!-RAD IHI.- E C CriERS i Cii FC '_TSR 17.-
FE:E CIF; t

17>

FPrE.

E; FDE. n'*H *DATA POINT 7.DE,'-FEE*: '-F MA:! HUH. El AnD A
RulE -4

tEL FDE C4 13i14iH

FILE 0'rOO~

[ F FOB. A 0 03H

FIAIEL FOE: 05SOH tERROR VOLTAGE AT -D'EG ELEWATI:IN
FOE 000U014

PA tIAR7 FOE OSACH *ERROR VOLTAGE AT +DEG HZ I MUTH
FOB 0 001H

MADA FO D O. 4AOH 4ERROR: VOLTAGE AT -BEG A ZM1-1UT H
FOB 000014

GI Fi1lE *TFAtuIMlS SION1 LOISS. PALOMlE LOO1 1MG AT ANGLE
ESEAZ fiB 2 *BOPE$IGHT ERROR' AT ANGLE -AZIMUlTH'
6:SEEL PilEs 2 *BOPESIGHT ERROR AT ANGLE kELEY..ATION1.,
PEESUM- FOB 0 4A 0 H
*FOB 0 00 01H

SIJMDE P- RE. 4
A-DB RlE. 4
ELOB pRiE 4

-FIRSTP Rife I
A 7'P R IlE:' 2
ELP RH.E 2
T IA R ME 2
iBEL PRH1E: 2
ICALPY PH I
ACR FCB 5
* LF - FCE: 6.
IIFWiTIP FE (FFFNH
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FINAL - Fr'S OFFO0DH
COPNCs FOE 1
COLSEP FOE 2

KRLSBF FOB 4
KENSEP FOB rL
KELSEF' FOE' 7
SDNSEP FOB I
SDLSBF FOCe 2
ADMSBP FOB 3
AULSSF FOB 4
EDPNSBP FOe E.
EDLSE:P FOE: 7
GINISEP FOB
GILSEP FOE 3
BAPNSEP FOB. 4
SALSEP FOE 5
BEMlSEP FUB 6
BELSEP FOE 7
RENS6P FOB 8
RBLSE:P FOB 9
EBMSE:P FOE 10
ELSEP FOE 11

ASMSBF FOE? 12
RSLSE:P FCB 13
PSNISEP FOE: 14
PSLSEF FOE: 15
RRMSBP FOB 16-
RRLSBP FOE: 1f
PANISep FO E: 1:
PFILSE:F FOB 19
AEMISEP FOB e 20
RELSSP FOE 21
PEMSBP FOE 22
PELSEF- FOB 22

SFIA FL'S 006R 3H
FL'S 0023F

bFIP FL'S 0 04:3 sH
FDE 00C,20CRH

SFGI FD8 0 '0 7 8::,
FL'S 034Q0 0FH

SFEE FL'S G0eFFH
FL'S 000R

TMPSIN FlE: 4

4* DRO L0CATIOt4$

DACA! ECIJ 0 E02 Ew
DACA2 E01) C uE. H
DAiCts E cu 'EZ'H
DACA4 EO:IJ 0IEAEH
DACAiS EOU 0E)2Ei0

END



OPT REL

XDEF TEMPAR TEM E * TEMI.P S.C 15:GH e. I W UPR. OUTEULF
XDEF AZECrDSA:RECDI. E LE6CIE., ELE-C D' -ACE: ItN4EL E:IN.- TMPBC D
XDEF TMFBUF 9 PI:UF 1 - T::EUF 1,p T::E:UF.. F:E' EI P- T:1E:2P
XDEF AZANllG. ELAIIG *PLUS' APS T - D-- ML, CR P- l N TF TNE
XDEF SRC R1 RTDI1S~fCP 2a.PT R2
XDEF APULA T AFU UTA. DIhFA I

DSCT
PLUS FCB 28H
APST FCB Zr.H
DCML FCB 2EH
CR FCB 0DM
TXDRE FOB 032H

it ALLOCATED MEMORY AREA.

** TEMPORRY MEMORY VARIABLE!.

TEMPA RMB. 1 *ACCUriULA TOR R SEI.ENN)
TEMPS RME I *ACCUMULAT:IR S: BNANG .
TEMPX RMB 2 IDEjREGISTER MO'2CEUF, E:CDANG)'-
BCDSGN rie 1 *ASCI I S1IN OF BCD ANHGLE BNGE:AIIGL
B INfUPR RHE: 1 *USED IN FINDIiGo MS- BYTE OF BINARY VALUE *:BCDEIM.
OUTBUF RMB 2 *PO INTER TO TENRORPY'- OUTPUT BUFFER (MOVEUIF).

DSC T

** DEDICATED MIEMORY VARIABLE'S.4

A :eC D$- RlE, I *ASC II SIGN OF ELEVAiTIO-1N 5:00 ANGLE tANHGLE.
AZSCD FRlE 2 *PAC1,El' BCD FORM OF fCIMUTH AiNGLE xNL
ELE:CDS PRH1E: I *ASC II SIGN OF ELEVA.TION EBCD ANGLE ANGLE
ELBCD RME 2 *PAC[ ED E:CD FiORMf CF ELEVARTION ANG LE *. ANGLE
ABI 1N RME 2 *TN& S COMPLIMENT OF AIMU-lTH ANGLE 'PHGLE.-

ELBIN RMBs 2 *TWO S'L COMPLIMIENT OF ELEVATION AiNGLE ANGLE,
TMRBCL PMS I *USED IN RACi 11I EG C 1' ANGLE &,BLDFC['
RXBUIF Pile 2 *FOItITER FOP ASC -,Il CMAF IN POYR1P BUIFFER I oRCVFFp.
TXBU2F, PME 2 *POINTEF FOR AS:CII CHAR IN TXMT B.UFFEr. (TV'AIi,

*EXTEPRL INTERFACE BUjFFER ARPEA
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THIFELF I E *Tr~JH SUFFE RAEC~I
A:AHGtil E" 7WT1- ELI1: *LCPT I 61 INt F: EtF OFRZA ILITH E1C1 FANGLE ANGLEo
ELAN:l E,-' u TtlFE -+1') *LOCRTION IN F':-:E:U.F OFR ELE'VAFTII:III E.,dI AN4GLEi*ANGLE;
R ;:UF 1 RUE blOCdH -AS:CII CHAF:c. R.Ed I, FFR'Oi FOS-ITIOIIEF P DlGRVW

PUB 0027H

FU £00EH
U~E 00;7H

T'ELIR TU 1 E. 20
T.XE:LIR2 R11E 5

b

* 1 /0 DEVICE ECIUATE SYMBOLS

SRCR1 ERLI LIEC14H
RTUR1 EOUl 0E005H
SRCR2l EOU @EOOSF&
RTDP:. EOL' OEC139H

.* AFU DATA

AFUUART EQU QEOiOCH
APLISTA E QuL OEQOD3H
DURP A1 EQL' 0 E0 0 6)
AltJTP SQL) £FFFSH

END
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HAM DDATA

OPT REL

xDEF SAYE,LOC.SWITCH.W-HICHI:HAtiOIF%ET
XDEF 3WILO:C PSW IROS,-CRA
XDEF OUT LOC - ArIPSU1i. PH ASUIM' AMP Fi- PHR. ARNFEL. - HAREL
XDEF DDPE: - CFE 5 EAS-E~ C A IN, nU~:. C' T*S~TS
XDEP AH.ANFNAN
XDEF TI HE ERO~Ts%0FOUR

DSC T
GRINl FCB OOH
GAIN2 FOB 01H
GAIH4 FcB 02H
GAINS FOB 03H
TIME FDB 000I2H
ZERO FOB 00H
TWO FCB 02H
FOUR FCB 04H

4* ALLOCATED MEMOiRY AREA

** TEMPORFIR' MENCOR. YAPIFIELEE.

SAVE:' RHE 2 * USED TO SAVE CONTENTS3 OF P E:ISTER
LOC RME: Z, USED' WHENI COM1PUTIH; F-RES US OFFSET
SWITCH RMB 1 * USED IN IN1CREMENT ItNC PAGE ZEF) MEMORY POSITIONl

*(SOFTWRE SW ITC H
WHICH RHE I * POINtTER U EL' TO KEEP TRAiit OP SW LITC-H PC, IT I,:t
OMAN( PrME 1 4POINTER USED Tt iEEP TRA 05 CHAN1NEL SiELECT 101
OFFSET RME 1 * COMPUTED OFFSET 'J:-EDl WHF-t CC' UI NC0 NEW ADIoPEE::
4
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SWILOC FFB SWIPOS * LOCATION OF SWITCH POSITION CODES
SWIPOS FCB OFFH * SWITCH POSITION -- OFF

FCB OFEH * SWITCH POSITION -- ONE
FCE: OFIH * SWITCH POSITION -- TO
FCE OFH * SWITCH POSITION -- THREE
FCB OFrH * SWITCH POSITION -- FOUR

** E2TEF'AAL INTERF.ICE BUFFER AREA

OUTLOC FDE: AMPSUiti * LOCATION OF MEMORY FE".E'..IED FOR OUTPUT
AMPSUM FE: OlO iH * SUN AMPLITUDE
PHASUM FFE 0002 H * SUN PHASE
AMPA: Fe 0001H * AZIMUTH AMPLITUDE
PHAA. FDE: 0001H * AZIMUTH PHASE
ANPEL FF8 0001H * ELEVATION AMPLITUDE
PHAEL FFE 0001H * ELEVATION PHASE

•* ENTERNAL INTERFACE BUFFEF AREA
*

CRA RE1B 2 *TERMIHATES CONTROL EAED ON AN "S"
ASCT

DDPB EOU OEOO2H * DATA DIRECTION RE'4 ITEF PIA PORT B
* (SWITCH CONTROL)
CR8 EOU OEOOSH * CONTROL REGISTER PIA PORT B
BASE EOU OEO40H * BEGINNING OF AD' 8rAFRD " MEMORY " LOCATIONS
GAIN EOU BA"SE+9H * MEOF'V LOCATION TO ACCESS GAIN
MUX EQ!U SASEtOANH MEMOP' LOCATION TO ACCESS NULTIPLE2ER CHANtEL SELECT
COHVPT Ec!U EA";E+OEH ME1IOF', LOCATION TO ACCES':S CONVERT COMMAND
STATUS EO E:ASE*OCH * MEMOR'.' LOCATION TO HCLCE ;S STATUS
DATA EOU R..E+OFH " MEMORY LOCATION TO ACCESS ADC DATA MS BYTE

END
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NO UNDEFINEIi SYMBOL

MEMORY MAP

S SIZE STP END COMN
8 0000 0040 0040 000
C 0002 2000 2001 0002
D 035E 2002 235F 0002
P 1857 2360 3EB6 9o9F

MODULE NAME ESCT DSCT PSCT
MAIN 0040 2002 223r
CNTL 0040 206C 274E
INIT 0040 2078 28"50
RIM -0040 2073 2874
NETANL 0040 2078 2864
RADLO 0040 2078 2936
COMPUT 0040 20-8 29D-,WAIT 0040 2078 29F0
SDATR 0040 2078 2A00
RDATA 0040 2108 2AOODUATA 0040 217A 2A0O

0040 21A2 2A00
FTNRUN 0040 225t 2C38

COMMON SECTIONS

NAME S SIZE STR
.ADDR P OOOF 3EA8
.RDRDC D 0002 235E

DEFINED SYMBOLS

MODULE NAME: MAIN
MAIM P 2360

MODULE NAME: CNTL
CNTL P 274E

MODULE NAME: INIT
INIT P 2850

MODULE NAME: AIM
RIM P 2874

MODULE NAME: IJETAHL
NETAtL P 2:64

MODULE NAME: PADLO
RADLO P 2926

MODULE NAME: COMFUT
COMPUT P 29D"

MODULE NRME: WAIT
WAIT P 29F0

.-MOPU Lg 1r: UPT-
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A- AAL'_-.EP P 1 oErC AAWE:P P 2C-IE0E M6E LJ EP D. ;- 6E AEiEsP D
ASe.P D 2 0LC8 ADL PIP P --O0D1A AF~ D U- P p1[';,I A EL E86 P D20F-,
AENSEP D 20SEF A' LS BP D' 20kh A N-MS EP Di -- 5, AZDE D 2 0?E
AZP D 201'2 SAL'8P P 20E0 BHIMSElP DiiF DF BELSEP P 20E2
BENSEP F 20E1 8'SER2 P 2ORD BSEEL D 206iF cowI D 2010
CON2 D 20ON CTS P 2088 PA' Al A E" E DACA2 A £02'
DACA3 A SO0! PHCA4 A EO3'E DACA5 ti E03P PEG D 208D
DEGRAD P 20 - EPL8SP P 2056 ESMSEP P "'O5 EBP D :0CC
EPLSEP P 2OP 0 CEPNS:BP P -0 1DE ELDS P, 2 oF; ELP P 20C4
FINAL D 20CF FIRSTP P 2' 1 GO P 208 F GULSF P D20D2'
G0IlSBP D 20t'1 G. I On0fE GiLSEP D 'uDE G1 I P M'P DLOLL
HEADER D 20%D ICALPT D Ut H KALSBP D 11114 KAN1M SF P 20P3.
KA 7P 209'7 IEL P ;093 KELSeP U ThP: ~EMSSP D 2iOPS
NANAZ D 20 A MANEL D -u 9F PALSEP D' 2 0E E nr PASP D 20ED
PANA: D 2 0A I PANEL P '0B F: ELSE.P 11 ItuPF. PEN PIP D LOP!I
PSLSBP D2E P S OSAe PF 1 'uE9 REPSUM F IE SDlL P U 2,P3
SDMSEP P 20117 iF'S P ?OFF SFGI D '"FE SPIR D 20F3
SFIP P 20F- SUMDE P 126 TDAZ D :QCl TDEL D zO':s
TEMP::1 P 20698 TEN P L0O7C TMPSIN D 210$ TIPX2 P 2038
TWENTY D 207E

MODLILE NAME: PDATA
A1NTP A FFFS APST P 210 AF'IJPT F 5000 APUSTA A 5001
AZANG D 2124 fZCC D' 2 116t AZECPS D) 2 115 ABEI N D 2118
BCPSGNl D 2111 EINUPR P '2112 CR P)2 'ie PCNL P ZIclA
DDRA1 A 5000 ELAN' P 1 2E ELECD D 2119 EL::P' P 2I11.
ELBIN D 2 111D OUTEUF P 2 1,;t PLUS DP 41 O1 RTDP1 A EOjS
RTPRL A 5009 R2EU IF P 11 " 2 P,EL'I61 F ' 13 SRCF1 A E004
SRCR2 A EOO8 TEMPM DI 2 1 r TEMIPS D '1uE TEMP*t P LIOCF
TNPB': D '21IlF TNPE:HF D '124 TX"EULP D j 4 TXBUF 1 P 214C
TXBUF2 D 2-160 T *ER E D I cu'

MODULE NAME: DDATA
AMPA: D 2193 ANPEL DP 1? C' AM P SUM- D 2194 EASE A E040
CHAN DP p139 CONYFT 8 E04E. CPA D 2 iiAO CRP: A E0W,-.
DATA A 504P UDP A Ebtul FOUR D :1 GAIN A E 0 4':
GAINI D 217A GA IN' D 2176 GAlI1N4 P 2171- GARI NS3 B 1,
LOC D 2 15 NU" A ES14 OFFSET D 2'1% OU-TLOC P 211~
PHAAQ P 21V.9A PHAEL P 1,:-E PRSUM D 2196 SAVE:: P - 1
STATUS A E514C SWILO' DP_ 1 -.6 SW1I POS D 21eD SWITCH D 21;-
TINE D 217£ TWO P 2181 WHICH D 2128 ZERO P 211'3

MODULE NAME:
CLOSIT P 2000 OPENIT P ZARS WRITER P ZEDr

NODULE NAME: FTNFUN
SUP) P 72E7 COM6ti P 2E4F EPU F I D' 2' FILE$ P 2 E
LPUS-ES P 2267 RNS P -- XIS D 'i " 1 XPV1INS P 3'1
XDKOTS P 35c C XPLJNDs P .SC F
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RLOAD
BASE
IDON
LOAD=L18
LIB=FORLB:
MOaMAP 2. MQ
MAPF
MOIONf
MAPF
OBJA=':BJ1.LO
LOAD=L-IB
LI BFORLB
EXIT

MERGE FSTP. ROsTPCANT. P09 INIT. PG: 1 Aim. POr: 1. coiPUT. PCI: 1, TritIrK PRO: I -.LIE . P,)
MERGE LIE.PRO)rIETAL. PO:l.-RRDLO. PO:lWAIT. FCI:, RAT.PO% 1,LIE.RPO
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;; NEW SCAN PATTERN (#3) SCANS A 32 DEGREE CIRCULAR RASTER PATTERN ;;

ENTRY 1: MUST BE 32.0 OR WHATEVER ELEVATION * -1 TO STOP AT
ENTRY 2: ELEVATION STEP SIZE
ENTRY 3: ANY KEY TO START SCAN

ST28 LOX #0000
STX MFLAG ;CLEAR MOTOR AND PROGRAM FLAGS
STX AZIEY ;FIRST AZIMUTH
LOX #3200H :RADIUS
STX ELkEY ;NCW ELEVATION
L O X # D B H : . . "
STX AZK-EYS
LOX #ST28S
STX STADDR ;SAVE RETURN ADDRESS
DEC PFLAG ;SET PROG FLAG
NOP

ST280 NOP
NOR
NOR

ST28A LDA A ELSIGN ;GET CURRENT ELEVATION SIGN
CME- A 42BH
BEO ET2SC :GO IF ELEVATIONA)
LA A ELBCD :bCD CURRENT ELEVATION
LDA B ELBCD+I
LDX #FROGA ;LAST ELEVATION MAGNITUDE

CMP A #1 ;CHECK PROXIMITY OF LAST POINT
BHI ST28AA ;NOT WITHIN 1 DEGREE
BRA FINA ;wITHIN ONE DEGREE, DONE

ST28AA TST CA:RY :MAYBE OVER 1 DEGREE PnST END
BMI ST28B :NO.CONTINUE

FIN1A. LX #ST28

STX STADDR
iMP ST20

ST29B J 'k NEwAZ :CALCULATE NEW AZIMUTH
LDA A AZSIGN
STA A AZ EYS
LDX #CT2B1
STX STADDR
NOP

ST28BI LDA A ELKEY+
ADD A -RCGB+l
DAA
STA A ELKEY+I
LDA A ELKEY
ADC A FPROGB

3T4 A ELKEY
ST2B82 LOX #ST2B3

STX STADOR
NOR

Sr2883 LOA A AZSIGN %CURRENT AZ SIGN
T M F A # 2 B H : "' "

_ , ~ ~~ E, 4.b

STA A AZ EYS
BRA ST2F3?5

s rt '08 4 I- , P6 $(4)I I - "
' I,. M I I ' , ;C:lANGES SIGN OF AZIMUTH FUR NEXI POS ITION
I. ,'"ID

c-I
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JMP Sf8
STS:C LOA A ELI EY

LDA B ELKEYI1
LOX #PROGB
NOP
STA A ELKEY
STA B EL.KEY+I
TST CARRY
BED srzaci
LOA A #ZDH
STA A ELA:EYS

STB2C1 LOX #ST:SC:-
STX STADDR
NOP

STZBC! JSR NEWAZ
LOA A AZSIGN
STA A AZt EYS
LOX #ST'8C
STX STADDR
NOP

ST8C3 LOA A AZSIGN ;CURR AZ SIGN
Ct'P A 4t28H
BEG ST28C4
LI)A A 42BH
STA A, AZ EYS

BA ST28C5
ST:2SC4 LOC, A #20H

STA A, AZLEYS
3T28C5 LOX #ST6ASc'

STX STADDR

JMip ST23A

"NEWAZ" SUBROUTINE THAT CALCULATES AZ POSITION BASED ON EL.AN4D PROGA

NEWAZ LOA A ELKEY :GEI ELEVATION MS9

JSR BCDSIN ;GET BINARY EQUIV

LOA A, TEMPA ;BINARY EQUIV

AD1D A 7ErIPA :EINPhRY EGUIV
5TA A SAVEA 4SAVE THIS ONE

LOX #TAB1 ;AZ TABLE POINTER.
STX SAVEXI ;SAVE POINTER

LOA A SAVEX1+1
LOA, B SAVEXI
ADD A SAVEA ;GET NEW ADDRESS
ADC 8 #'O)H
STA A SAVEX1.-l ISAVE IT
SVIA B SAVE.X1
LOX SAVEXI
LDA A O.X ;GET AZIMUTH
LOA B I,X ;GET AZIMUTI4 LSB
STA A AZVEY ;STORE INTO AZKEY
S TA B AZi.EY+1 ;SAME FOR LS2
RTS :DONE

TA91 WUROODX~
WORD 0719~8H
WORD 03194H
WORD 03186H
WO RD 03 175H
WORD 03 16 1H
W OF:D 0314,H
WORD 1 ~2=1-
WORD I3100H
WORD 07,07oH
WORD 03040H
WORD 0;0
WORD Q2966H
WORDO 029" 4H
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WORD 02877H
WORD 02826H

WJRD 02771H

WORD 02711H
WORD 02646H

WORD 02575H

WORD 025o0H

WORD 02414H
WORD 0224H
WORD 0Y2225H

WORD 02117H
WORD 02CoCH

WORD 01865H

WORD 01717H
WORD "154,;

WORD 0175-H
WORD -)1113H

WORD 00794H
WORD (, OOO)H

PCDBIN CLR TEMPA
PSH A ;SAVE A
AND A #OFOH ;GET UPPEP 4 BITS
LSR A ;MOVE I DIT RIGHT

LSR A ;THAT MAKES 2

LSR A ;THERES 3
L R A ;THAT"3 ALL FOLKS
CLC ;CLEAR ANY CARRY

TNLP TST A
GE ONELP

CLR TEMPA
FSH A ;SAVE SHIFTED A (STACK: SHAA)

LDI LLA A TEMPA
ADD A #OAH gADD 10

STA A TEMPA
FUl A ;GET SHIFTED A BACK
DEC A ;DEC COUNTER
lE ONELP ;IF FINISHED

FSH A ;SAVE SHIFTED A AGAIN
BRA LF1 ;DO IT AGAIN'

CNELP FUL A ;PULLS ORIGINAL A
AND A #:FH ;GET LS NZBELE
TST A ;SEE IF DONE

BSO EBBC ;GO IF NO ONES

PSH A

LP2 LDA A TEMPA ;GET INTERMEDIATE RESULT

ADD A #01H ;INCREMENT BY ONE
SIA A TEMPA ;SAVE RESULT
PUL A ;GET ONE COUNTER
DEC A ;DECREMtNT

BEQ EBBC ;GO IF DONE

PSH A ;NOT DONE YET
BFA LP2

EEOC €

END
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SEC:T ION BLK,ADSOLUTE
ORG 0oUH

DZSB1JF BLOCK 2')
SIE'UF BLOCK 21
TErIPX BLOCK 2
R.AL 10 BL(]CK 2
FPT3;2 BLOCK 4
ELRESLJLT BLOCK 5
.AZRESULT BLOCK 5
INFrREG BLOCK 2
ENTRY 1 BLOCK 1
ENTRY-- BLOCK 1
SAVES BLOCK 1
SAVEC BLOCK 1
CH.AREI BLOCK 1
CHARPT BLOCK' 2
CHflRCT BLOCK 2
CHRNUM BLOC+: I
SAVEA BLOCK 1
SMVEX BLOCK 2
SAVEXi BLOCK 2
TEMPA BLOCK 1
TEMPE, BLOCKe I
MSPENC BLOCK I
L'-BENC BLOCK 1
LETA BLOCK 1
LETEI BLOCK 1
BCDA BLOCK 1
ZCOB BLOCK 1
9AVDEC BILOCK 1
ANGLE BLOCI 3
SIGN BLOCK 1
AZ~lGN BLOCF' 1
ELS ION BLOCK 1

*ALBCD BLOCK 2
ELEACO BLO' 2
TEIEXi1 BLOICK 2
TEMPX2 BLOCi 2
ENTRYM BLOCK 1
ENTRYBl BLOCK 1
KEVENT BLOCK 1
TEMFAl BLOCK 1
TEMRBI BLOCK 1
EYC BLOCK I

AZKEY BLOCK' 2
EL EY SLOOi 2
AZKEYS BLCC 1
ELKEYS [,LOCK 1
MFtAG BLOCK 1
PFLAG BLOCK 1
I1INUEN BILOCK- I
SPEEDA BLOCD 1
SPEEDE BLOC' 1
AZMAG BILOCK 2ELrIAG BLOCK 2
AZEL BLOCK 1
TEMPS BLOCK 1
PROGN BILOCK 1
P hOGL BLOD 1
PRFC"GA BLOCK 2
P-ROGB BLOCK 2
PROGC BLOC(.K 2

FLAG BILOD I
ORzlSGA PILL> 1
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.EMPD &LCK 2
BCDVSR BLOCK
FPTEL BLOCK
FPTAZ BLOCK
FprELS BLOCK I
FFTAZS BLOCK 1
PROCNT BLOCK~ I
STADDR PLOCS.
PROgANG BLOCK
B I NANG BLOC(,
SINE BLOCK
COSINE BLOC,

CSIN BLOCK I
Cs IGNq BLO-C-i 1
SAVE1 BLOC. 1
8B1NUPR BLOCK 1
FELLIM BLOCK
NELLIM BLOCK
PAZLIM BLOCK
NAZLIM BLOCK
LFLAGE BLOCK. 1
LFL.AGA BLOCK' 1
MSGFLG BLQCS 1

A VE X2 BLOCK
MODIFICATION V1.3

SPEED BLOCK I
GIMSPEED BLOCI I 1
AZSPEEri BUD~t 1
ELSFEED LiLOC 1
A z P BLOCK 1
ELSFD BLOCK 1

CARPY BLOD, 1

1 /0 EQUATES
,+AFSPD ECU ),)
QU~pSPD EOIU (E7H
CDPA2 ECU I)0404H ;MS 4 BITS OF DAC #1-AZIMUTH
ChR.2 EO.U 084H-5H
DDF)KB2 E'CU 0040~6H tLS 8 BITS OF DAC #1-AZIMUTH
CRbZ EOU f)24Q--7H
DDRAII EOU ('S8oCH ;LS 4 BITS OF DAC #2-ELEVATION
CRACl ECU COBO)IH
DDOR3 ECU 088O'1H ;MS 8 BITS OF DAC #2--ELEVATION
CRE1: ECU O97
DISA-Z EOU
DISEL EDU 600AH
MSBSEL ECU (S)E4.'-H
LSESEL ECU .)SEC12H
M S11S A Z E t)u r-SE(:IH
LSBISAZ EQU ()BE,)XH
DORA ECU CA3400H
CRA EUU ':'840 IH
ODRB ECU (,84c.2:H
CRB ECU 0840SH
ACIAS ECU 0'0403H ;ACIA STAUS/CONTROL REGISTER
ACIAD ECUJ -*84C'qH ;ACIA DATA REGISTER
"PUDATA Ei2U ()H804H ;APU DATA INPUT/OUPUT
AFUSTAr. EQU 01805)H .APU COMMAND INPUT AND STATUS OUTPUT
ETHSPD EQU QluH Q;Q ( I0 .':)

*. MAIN~ FROGRAM- 204)0-7i.016~ HEX I
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SECTION MAIN

ORG 2000H

;INITIALIZE PIAS

GOE LOS #OFFFH
NOP

SEX
LDA A #3 ;00000011= MASTER RESET
STA A ACIAS ;RESET ACIA
LDA A #81H ;10000001 = 7 BITS, EVEN PARITY, 2 STOP BITS
STA A ACIAS ;SET ACIA FOR RECEIVER INT,TXMIT INT OFF
CLR CRA :CLEARS CONTROL REG A

CLR CRB :CLEARS CONTROL REG B
CLR CRA2
CLR CRB2

ADDTION TO INIT ROUTINE
COMPENSATION FOR INVERTED BUS DRIVERS
(MOD 1.2)

LOA A #OFFH ;GET OPPOSITE OF 00
STA A CRA3 ;CLEAR CONTROL REG OF A SIDE
STA A CRB3 :CLEAR CONTROL REG OF B SIDE

CLR DDR3 ;SETS UP B SIDE OF DATA PORT A ALL OUTPUTS

LUX #8400H
LOA A ACFOH
STA A O.X

STA A DDOA3 .(MOD 1.2) COMPENSATION FOR INV BUS DRIVERS
LDAA #?
STA A I.X

LD A #OFH
STA A O, X
STA A 4.X

LDA A #OFFH
STA A Z' X
STA A 6,X

LDA A #004H
STA A CKA2
STA A CRD2
LDA A #c'FBH ;(MOD 1.2) PUTS 04 INTO CONTROL REGISTER
STA A CRA3

STA A CR83

LDA A #')7DH
STA A CRB ;SELECTS OUTPUT REGISTER B

* INITIALIZED MOTORS TO ZERO SPEEDETC.

LOX #TEMPX
NEXTC CLR O.X :CLEARS LOCAION POINTED TO BY THE X REGISTER

rNX

CPX #CARRY#I
BNE NEXTC

;ADDITION TO THE INITIALIZATION ROUTINE
;INITIALIZE ASCII FORM OF GIMBAL SPEEDS TO FULL SPEED.
;MOD (1.3)

LDA A #39H ;ASCII "9"
STA A AZSPEED :AZ GIMBAL AT FULL SPEED
STA A ELS)-EED :ELEVATION GIMBAL AT FULL SPEED

LUX #Th5,OOH
3 rx PELLIM

C-6
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t k I JELL IN'
s.X FAZLIM

STX NAZLIM

LOA A #0OH ;INITIALIZE (CR) IN SIBUF
STA A SIDUF-20
LOA A #QFFH
STA A LSBSEL
LOA A #:FFH
STA A LSBSAZ
STA A SPLAGA ;SETS AZ SPEED FLAG TO NOTE ZERO SPEED
STA A SFLAGE :SETS EL "
LDA A # 0lh
STA A MSbSAZ ;TURNS ON POWER TO AZ MOTOR
STA A MSBSEL ;TURNS ON POWER TO EL MOTOR

INITIALIZES CONTROL LOOP SUCH THAT THE POSTITIONER
WILL NOT MOVE UPON POWER-UP (MOD 1.1)

JSR SHAENC ;READ ANGLES
LOX AZBCD
STX AZEY ;UPDATES AZIMUTH KEYENTRY WITH
LOX ELBCO ;CURRENT AZIMUTH LOCATION
STX EL EY ;SAME FOR ELEVATION
LOX AZSIGN
STX AZ(E S ;CURRENT AZ SIGN STATUS

NOP uFIX FOR THE "CLI" INSTR THAT FOLLOWS
CLI

BEGIN STATE TABLES

MSGA LOX #MSGI2
jSR ASCDIS ;DISPLAY "THE GA. TECH RFSS"

LOA B 20
JSK WAITE ;WAIT FOR Z SECONDS
LDX #MSGI

JSR ASI:IS DI3P "RADOME POSITIONER"
LDA B #10
JSk WAITE tWAIT FOR 1 SECOND
LDA #MSG14
JSR ASCDIS ;DISPLAY " VERSION 1.5

MSGB LDA B #10
JSR WAITE

* STATE ZERO
MAIN OCNIRCL LOOP

STO LOA A (FLAG ;IDLE STATE
BFL S roA

,'LR HFLAG :CLEARS "KEY PRESSED" FLAG
LOA A KEYENT :GETS KEYCODE OF i1EY PRESSED
LOX #SF' :PUTS 0 STATE POINTER IN INDEX REG
JSR ADOCAL :JUMPS TO ROUTINE TO CALC NEXT STATE
LDX :. X

J'mP X.

AZIMUTH MOTOR CONTROL LOOP

STOA JSR SHAENC ;READS AZ AND EL ANGLES
Lt'1 A MFLAG
pm I ST,",
LbA A At EyS

Th A .4SIGN iSEE IF BOTH SIGNS ECUAL

C-7
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LIIJ T I.) X ;LbK NCH TO DO A BCDSUD IF SIGNS AidE SAME

LDA A AZKEY+"
ADD A AZBCD+1 :FIND LSBYTE OF AZ MAGNITUDE DIFF
DAA
STA A AZMAG+ I

LDA A AZ EY
ADC A AZBCD iFIND MSBYTE OF AZ MAG DIFF6AA

LDA B AZMAG+I

STA A AZMAG ;AZ MAG DIFF NOW IN A AND B REGS
BRA STOX2

ST, X LE.A A AZtrEY
LDA B AZ EY+1

LDX #AZ3CD ;PUT ADDRESS OF BED CURRENT LOC IN INDEX RES
JSR BCDSUB ;JUMPS TO ROUTINE TO SUBTR BCD #"S
STA A AZMAG
STA B AZMAG+I

ADDITION TO TIGHTEN CONTROL LOOP (AZ) TO .1 DEGREE (MOD 1.1)

STOX2 TST A ;START <0.2 DEGREE TEST
BNE STOX1 ;BRANCHES TO <0.5 DEG TEST IF BCD WORD NOT <0.2

CMP B #15H ;COMPARING T 0.15 DEG
BHI STOXI ;BRANCHES TO <0.5 DEG TEST IF BCD WORD NOT <0.2

LCA A #OFFH ;CURRENT POSITION IS LESS THAT 0.2 DEG

STA A SFLAGA :SETS AZ SPEED FLAG WITH CORRECT SPEED

STA A LSBSAZ ;STOP AZ MOTOR WITH ZERO SPEED
BRA STOE

STOXI IST A ;START <0.5 DEG TST

BrE STOB :BRANCHES IF .0.5 DEG TEST IF BCD WORD NOT <0.5
CMP B #('5)H
BH1 STOB ;BRANCHES IF <0.5 DEG TEST IF BED WORD NOT <0.5
LDA A #ETHSPD ISET SPEED TO EIGHTH SPEED

STA A SPEEDA ;SET UP SPEED VARIABLE FOR USE LATER

BRA STOD

STOB ClP A #004H ;TEST FOR <5 DEG

BHI STOC :BR TO <10 DEG IS 5 DEG TEST FAILS
LDA A #QUASPD ;SET SPEED TO QUARTER SPEED
STA A SPEEDA ;USED LATER

BRA STOD
STOC LDA A AZSPD ;SET SPEED TO I'SER SELECTED SPEED (MOD 1.3)

STA A SPEEDA ;USED LATER

STOD LDA A AZ.EVS ;DESTINATION NOT REACHED, CHECKS SIGNS
CMP A AZSIGN
BEO SAMEAZ

DIFFAZ CMP A #(2BH ;DIFF SIGNS
BEO B2
JaP LEFT

B2 JMP RIGHT
SAMEAZ CM- A #O2BH sSAME SIGN FIND WHICH ONE PLUS

BE0 Y:SAZ

r4CAZ TST CAkRY
BMI a-

JMP LEFT
B7 iMP RIGHT
YESAZ TST CARRY

BMI B4
iMP RIGHT

E,4 Jrll!- LEFt"

IELEVATION MOTOR CONTROL LOOP

ST:OE LDA A ELI.EYS
.~ LS ICGN

., 1, 1' 1YTHIS CODE" DUFLIiATED -rm Ti"-, AZ Cti -, AFrivE
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LDA A ELKEY+I
ADD A ELBCD+1
DAA
STA A ELMAG-1
LOA A ELi 'EY
ADC A ELSCD
DAA
LDA B ELMA6+i
STA A ELMAG
BRA SToYl

STOY LOX #ELBCD
LDA A ELKEY
LDA B ELKEY+l
JSR ECDSUB
STA A ELMAG
STA b ELrlAG+l

ADDED TO TIGHTEN ELEVATION CONTROL LOOP TO .1 DEGREE (MOD 1.1)

STOYI TST A ;THIS CODE ALSO DUPLICATED FROM AZ CODE.
BNE STOZ
CMP B #10H
BHI STC'Z
LDA A #('FFH
STA A SFLAGE
STA A LSDISEL
Jimp CPFLAG

STOZ TST A
BNE SToF
CMP a #050:H
OHI STV)F
LOM A #ETHSPD
STA A SPEEDE
BRA STOH I

STC)F CMP A #0(-4H
SHI ST:)G
LDA A 4OUASPO
STA A SF'EEDE
BRA STC:H

STOG3 LD A A ELSPD
STA A SPEEDE

STOH LOM A ELKEYS
CMP A ELSIGN
B E SAMEEL

DIFFEL Crrn- A #0)20H
BED 85
BRA E(7

B5 BRA Da
SAMEEL CMP A #02BH

BED YESEL
NOEL TST CARRY

DrjA 87
B6 BRA B8
YESEL TST CARRY

ElM1 97
P0 J mp UP
B7 jilp DOWN

:END STATE ZERO

BEGIN STATE 1
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STI LDA A #OUASPD ;bEGIN STATE ONE, MANUAL DOWN
LDA B #OFFH
JSR MOTEL ;JUMPS TO SUBROUTINE COMMAND ELEVATION MOTOR

STIA LDA A #70H
STA A DDRA
LDA A DDRA
CIP A #77H ;HAS DOWN KEY BEEN LET UP YET
BNE STIB ;DOWN KEY IS NOT BEING PRESSED NOW
JSR RESTO ;RESTORE KEYBOARD BEFORE READING ANGLES (MOD 1.1)
JUR SHAENC ;DOWN kEY NOT UP YET THEREFOR READ ANGLES
BRA STIA

STIB CLR LFLAGE CLR LIM REACHED FLO.
LDA A #OFFH ;TURN OFF MOTOR
TAB ;CLOCKWISE MOTION STILL SET
JSR MOTEL
JSR RESTO ;RESTORE KEYBOARD PIA. AND BACK TO STATE ZERO
JMP STO

BEGIN STATE 2

ST2 LDA A #DUASPD ;BEGIN STATE 2, LOAD A WITH SPEED (MOD 1.2)
CLR B ;LOAD B WITH DIRECTION (MOD 1.2)
JSR MOTEL

STA LDA A #70H
STA A DDRA

LDA A DDRA
CMP A #:7BH ;KEY RELEASED ?
ONE STZO
JSR RESTO ;RESTORE KEYBOARD BEF READING ANGLES
JSF; SHAENC ;UP KEY STILL BEING PRESSED. READ ANGLES
BRA ST"A

ST20 CLR LFLAGE :CLEAR LIMIT REACHED FLAG
LDA A WovFFH
CLR B ;C-CLOCKWISE MOTION SET
JSN MOTEL
JSR RESTO
JMP STO
;END STATE 2

BEGIN STATE 3

STZ LDA A #QUASPD ;BEGIN STATE 3. LOAD A WITH SPEED (MOD 1.2)
• CLR B ;LOAD B WITH DIRECTION (MOD 1.2)

JSR MOTAZ ;JMP TO ROUTINE TO COMMAND AZIMUTH MOTOR
STZA LDA A #OBOH

STA A DDRA
LDA A DDRA
CrlF A #0b7H ;HAS RIGHT KEY BEEN RELEASED"
BNE ST3B
JSR RESTO
JSR SHAENC
bkA STSA

STZB LLR LFLAGA ;CLEAR LIMIT REACHED FLAG (MOD 1.1)
LDA A #OFFH ;TURN AS MOTOR OFF
CL D
JSF' MOTAZ
JYR REl0 ;RESTORE KEYBOARD PIA. DACK TO STO
JM;l STO

; ' I , Fr 7)
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BEGIN STATE 4

ST4 LDA A #QUASPD ;BEGIN STATE 4. LOAD A=SPEED (MOD 1.2)
LDA B #OFFH ;LOAD B WITH DIRECTION
JSR MOTAZ

ST4A LDA A #OBOH
STA A DORA
LDA A DORA
CMP A $CBBH ;HAS LEFT KEY BEEN RELEASED?
BNE ST4B
JSR RESTO
JSR SHAENC
BRA ST4A

ST4B CLR LFLAGA ;CLEAR LIMIT REACHED FLAG (MOD 1.1)
LDA A #0FFH
TAR ;CLOCKWISE MOTION
JSR MOTAZ
JSR RESTO

imP SfO
;END STATE FOUR

BEGIN STATE 5

ST5 LOX #MSG4 ;DISPLAYS "ERROR INVALID ENTRY"
3SR ASCDIS
LDA B #10
JSR WAITE
iMP STO ;BACK TO STATE 0

;ZND STATE 5

BEGIN STATE 6

ST6 LOX #MSGB
JSR ASCDIS :DISP "ANGLE TOO LARGE ..............
iMP MSOD ;WAIT 1 SEC THE RETURN TO CONTROL LOOP
:END STATE &

...........................;::;;;: ;; :;,.,.,..,,..............::::::::

BEGIN STATE 7

ST7 LOX #MSG11
JSR ASCDIS gDISP "POSITIONER HALTED
JMP MSGB ;WAIT 1 SEC THEN RETURN TO CONTROL LOOP
sEND STATE 7

BEGIN STATE 10 ;

STIO STA A AZEL ;REMEMBERS WHICH KEY PRESSED (SETAZ OR SETEL)
LDX #MSG2
JSR ASCDIS ;DISP "ENTER AZIMUTH ANGLE"
LDX ID ,FL+I
31X VEX IKEEPS TRACK OF WHERE THINGS ARE ON THE DISPLAY
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STIOA LDA A KFLAG ..
BPL STICA
CLR KFLAG ;CLEARS KEYENTRY FLAG
LDX #MSG6
JSR ASCDIS ;DISPLAY "AZIMUTH
CLR ENTRYA
CLR ENTRYB ;CLEAR BOTH REGS TO BE USED WHEN PACKING ENTRIES
LDA A KEYENT :GETS KEYENTRY
LDX #SP1O
JSR ADDCAL
LDX O,X
JMP ,X . :JUMPS TO NEXT STATE DETERMINED BY KEYENTRY IN A
;END STATE 10

BEGIN STATE 11

ST11 STA A AZEL ;REMEMBERS KEY PRESSED (SETEL OR SETAZ)
LOX #MSG1
JSR ASCDIS ;DISP'"ENTR ELECATION ANGLE"
LOX #DISEL+1
STX SAVEX

STIIA LDA A KFLAG ;WAITS FOR NEXT ENTRY
BPL ST11A
CLR -FLAG ;CLEARS ENTRY FLAG
LDX #MSG7
JSR ASCDIS ;DISPLAYS "ELEVATION
CLR ENTRYA
CLR ENTRYB
LDA A KEYENT ;GETS KEYENTRY
LDX #SP11
JSR ADDCAL
LDX OX
iMp O,X
;END STATE 11

BEGIN STATE 12

ST12 LDA B #02BH 1BEGIN STATE I', PLUS SIGN AND MAGNITUDE
LDX SAVEX
STA B O,X ;DIPLAYS PLUS SIGN
INX ;INCREMENTS TRACKING POINTING
STA B TEMPS ;REMEMBERS SIGN OF ENTRY
LSR A ;CONVERTS KEYCODE TO BCD CODE
TAB
JSR PACK ;ROUTINE TO PACK ENTRY
ADD B #0ZOH ;CONVERTS BCD CODE TO ASCII
STA B O,X ;ECHOS KEYENTRY ON THE DISPLAY
INX
STX SAVEX ;REMEMBERS NEWVALUE OF TRACKING POINTER

ST12A LDA A KFLAG ;WAIT FOR ANOTHER KEYENTRY
BPL ST12A

CLR KFLAG
LDA A KEYENT ;GETS KEYENTRY
LDX #SP12
JSR ADUCAL .

LDX OX
JMP 0 X
;END STATE 12
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ilLEGIN STMTE i-L

ST13 LDA B #02DH
LDX SAVEX
STA B 0,X ;DISPLAYS ENTERED MINUS SIGN
INX ;INC TRACKING POINTER
STX SAVEX ;SAVE TRACKING POINTER
STA B TEMPS

STIZA LDA A KFLAG
BPL ST13A
CLR FLAG
LDA A KEYENT
LDX #SP13
JSR ADDCAL
LDX !)X
JMP OX
;END STATE 17

; BEGIN STATE 14

ST14 LSR A
TAB ;ST14 DIPLAYS ENTERED NUM AFTER MINUS SIGN
JSR PACK
ADD B #C'Z0H
LDX SAVEX
STA B 0.X ECHO KEYENTRY
INX ; INC TRACI ING POINTER
SEX SAVEX PEEPS TRAC, OF POINTER

ST14A LDA A IKFLAG ;WAITS FOR NEXT kEYENTRY
SPL ST14A
CLR PFLAG ;CLEARS KEYENTRY FLAG
LDA A KEYENT ;GETS yEYENTRY
LDX #SP14 ;LOADS INDEX REGISTER WITH STATE 14 POINTER
JSR ADDCAL
LDX O. X
JMP ,X

%END STATE 14

BEGIN STATE lb

ST15 LSR A ICONVERTS KEYCODE TO BCD CODE
TAB :ST15 DIPLAYS SECOND NUM AFTER EITHER + DR -
JSR PACK
ADD B #*04H

LDX SAVEX
STA B 0.X
INX
SiX SAVEX

STI5A LDA A yFLAG
BPL ST15A ;WAIT FOR NEXT KEYENTRY
CLR KFLAG ;CLEARS KEYENTRY FLAG
LDA A KEYENT
LDX #SP15
JSR ADDCAL
L 'X O,X

JMP O,X
IEND STATE 15
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;3 BEGIN STATE 16

ST16 LLA B #02EH ;ST16 DIPLAYS DECIMAL POINT (ENTERED)
LOX SAVEX
STA B 0,X ;ECHOS THE DECIMAL POINT
INX
STX SAVEX

ST6IA LDA A F:FLAG
BPL ST16A ;WAITS FOR NEXT KEYENTRY
CLR :FLAG
LDA A <.EVENT
LOX #SP16
JSR ADDCAL
LOX O,X
dimP OX
;END STATE 16

BEGIN STATE 17

ST17 LSR A ;BEGIN STATE 17-DISPLAY LAST ENTERED NUM
TAB
isr PACK
ADD B #:COH ;CONV BCD CODE TO ASCII
LCX SAVEX
SIA B X
INX

LDA A #27H
STA A 0.X ;DISPLAYS DEGREE MARK AFTER LAST ENTERED NUM
INX
STX SAV'X ;INC AND SAVE TRACKING POINTER
LOA A AZEL
CMP A #OIEH ;TEST TO SEE IF SET EL WAS ENTERED
BEQ ST17A
LDA A TEMPS ;STOES ENTERED DATA INTO APPROPRIATE AZ REGS
STA A AZ:EYS
LDA A ENTRYA
LOA B ENTRYB
JSR TSTANG

LDX ENTR'tA %TEST FOR ANGLE '40 DEG
STX AZIEY
BRA ST17C

ST17A LDA A TEMFS ;STORES ENTERED .ATA INTO APPROPRIATE EL REGS
STA A ELEYS

LDA A ENTRYA
LOA P ENTRYB
JSR TSTANG ;TST TO SEE IF ANGLE >40 DEG
LOX ENTRYA
STX EL):EY
BRA ST17C

ST17C LDA A PLAG ;WAITS FOR START KEY TO BE PRESSED
BPL STi7C
CLR KFLAG
LDA A KEYENT ;GET ENTRY - " -

LOX #SP17
JSR ADDCAL
LOX 0.X
JMP 0. X
sEND STATE 17
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bEGIN STAlE IB

ST1 CLR MFLAG ICLEARS MOTOR FLAG: ST18 GO TO CONTOL LOOP
CLR LFLAGE ;CLEARS LIMIT REACHED FLAG
CLR LFLAGA
JMP STO
;END STATE I8

BEGIN STATE 19 ;

ST19 LDA A #OFFH ;ST19 DISABLES CONTROL LOOP (MOD 1.1)
STA A MFLAG ;SETS MOTOR FLAG SO CNTRL LOOP DISABLED
JSR ALSTOP
TST LFLAGA ;CHECK FOR AZ LIMIT REACHED
BEL STI9A ;GO IF NOT REACHED
CLR A ;AZ LIMIT REACHED
LDA B DFLAGA ;GET CURR DIRECTION STATUS
COM B tGET OPP DIRECTION
JSR MOTAZ
LOA 3 #10
JSR WAITE ;ALLOW TIME FOR AZ MOTOR TO REPCSTITION GIMBAL
LDA A #OFFH
LOA B DFLAGA
JSh MOTAZ ;STOP MOTOR, LIMIT NO LONGER EXCEEDED
JMP STO

ST19A CLR LFLAGA
TST LFLAGE ;CHECK FOR EL LIMIT REACHED
BED ST19B ;GO IF EL LIMIT NOT EXCEEDED
CLR A ;EL LIMIT REACHED
LDA B DFLAGE ;GET CURR DIRECTION
COM B ;GET OPP DIR
JSR MOTEL
LEA B #10
JSR WAITE ;WAIT FOR EL MOTOR TO FINISH MOVE
LOA A #C'FFH
LOA B DFLAGE
JSR MOTEL ;STOP EL MOTOR, LIMIT NO LONGER EXCEEDED
CLH LFLAGE
JMP STO

STIB JMP ST7 ;DISPLAYS "POSITIONER HALTED",WAIT I SEC,STO
;ENC STATE 19

:3 BEGIN STATE 20
::;;

;T20 LDX #MSG9
JSR ASCDIS :DISPLAY "ENTER PROG NUMBER"
LOX #DISEL+5
STX SAVEX

ST20A LDA A [,FLAG
BPL ST2"A ;WAIT FOR KEYENTRY
CLR "FLAG
CLR ENTRYA
CLR ENTRYB
LDX #MSGIO
JSR ASCDIS ;DISPLAY "PROG :ENTER
LD. A F'v1 NT
LDA

AD DCAL
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LUX 4) X
JMP O, X
;END STATE 20

;; BEGIN STATE 21

ST21 LSR A ;CONVERTS KEYCODE TO BCD CODE
ADD A #30H ;CONVERT TO ASCII- 5T21 DISPLAYS PROG NUM
STA A DISAZ+5 ;ECHOES THE ENTER PROG NUMBER
STA A PROGN ;REMEMBERS THE PROGRAM NUM
LDA B #041H
STA B DISEL+3 ;DISPLAYS "Al AFTER ENTER
STA B FROGL

ST21A LDA A KFLAG
BPL ST21A
CLR KFLAG
LDA A KEYENT
LDX #SP21
JSR ADDCAL
LDX (.'), X

;END STATE 21

BEGIN STATE 22;

ST22 LSR A ;CONVERT I<EYCODE TO BCD-ST22 IN #1 NUM OF 3 THAT
TAB ;MAKE UP THE RASTER SCAN
JSR PACK
ADD B #07oH
LDX SAVEX
STA B u, X
INX
T X SAVEX

ST22A LDA A rFLAG
iPL- ST22A

CLR KFLAG
LDA A .EYENT ;GETS KEYENTRY
LDX #SP22
JSR ADDCAL
LDX OX
JMP O. X

;END STATE 22

BEGIN STATE 27

ST23 LSR A ;CONV KEYCODE TO BCD
TAB ;ST23-DIS 2nd OF 3 NUM THAT MAKES UP RASTER SCAN
JSR PACK
ADD B #o7>(H :CONV TO ASr
LDX SAVEX
STA B 4, X
INX
STX SAVEX

ST23A LDA A KFLAG
BPL ST23A
CL.p i FLAG
LbA A F YENIT
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LDX 4S123

JSR ADDCAL
LDX 0,X
JMP 0,X
;END STATE 23

3; BEGIN STATE 24

ST24 LDA B #02EH
LDX SAVEX

STA B 0.X ;ST:4-ECHOES DECIMAL POINT
INX
STX SAVEX

ST24A LDA A KFLAG
BPL ST24A
CLR KFLAG
LDA A KEYENT

LDX #SP24

JSR ADDCAL
LDX O.X
JMP 0,X

:END STATE 24

BEGIN STATE 25

ST25 LSR A :ST25-DIS LAST ENTERED NUM OF 3 FOR RASTER SCAN
TAB

JSR PACk
ADD B #0 30H
LDX SAVEX

STA B C. x

LDA B #027H
STA B O, X

LCX ODISEL+5 ;ECHOES ENTERE NUM AND DEGREE MARK
STX SAVEX ;STORES TRACKING POINTER

LDA A PROGL
CMP A 0042H

BED ST25B :BRANCH IF PROGL IS "B"
CMP A #047H

BED ST25C ;BRANCH IF PROGL IS "C"
LDX ENTRYA

STX PROGA

LDA B #10
JSR WAITE ;1 SEC WAIT

%ADDITION TO ST25. CHECKS TO SEE IF PROG #4 IS
;BEING IMFLEMENTED (MOD 1.1)

LDA B PROGN ;GET CURR PROGRAM COUNTER

CMP B #74H ;COMPARES WITH ASCII "4"
BED 31T5A ;GO IF STATE-PROGRAM 4

LDX #MSG3
JSR ASCDIS ;CLEARS DISPLAY

LDX #MSGIO

JSR ASCDIS ;DISPLAY "PROS :ENTER"

LDA A PROGN
STA A DI3AZ4Z ;DISPLAYS THE PROGRAM NUM

LDA A 04:H
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!SDEL+3 ;D1SPLA'e. A "L" AFTER ENTER
STA A PROGL ;STORES PROGRAM LETTER
JMP ST21A

ST250 LDX ENTRYA
STX FROGB

;ADDITION TO ST25B. CKS SEE IF PROG3 BEING IMPL"D
;Moo (1.11~

LDA B PROGN
CrIP B #3H ;ASCII "3"
BEG ST25A ;GO IF STATE=PROG 3

LDA B #10
JSR WAITE
LDX #MSG3 ;CLEAR DIS
JSR ASCDIS
LDX #MSG1O ;DISPLAY "PROG :ENTER"
iSR ASCDIS
LDA A FROGN
STA A DISAZ+5
LDA A #043H ;DISPLAY "C"
STA A DISEL+3
STA A PROGL ;STORES CURR PROG LETTER
JM3' Sr21A ;JUMPS TO ENTER "C"

ST-5C LDX ENTRYA
srx PROGC

ST25A LDA A KFLAG
BFL ST25A
CLR KFLAG
LDA A (EYENT
LDX #SF25
JSR ADDCAL
LDX 1:. X

JMP '.

;END STATE 25

SEGIN STATE ()

;ST0") (MOD 1.1) PROGRAM DISTRIBUTION STATE

ST0 LDA A PROGN ;GET PROG NUM

CriP A #.IH
BEO STt.)1 ;BR IF IN FROG #1
CMP A #-2H
EEO STC'0 ;BR IF IN FNOG #2
CriP A #33H
BEG ST003 ;BR IF IN PROG #3
JMp ST29 (GO TO PROG #4

STU01 Jimp ST26 ;GO TO PROG #1
ST002 JMF ST27 ;GO TO PROG #2
qT 0Z JMp ST2 ;GO TO FROG #2

;END STATE 0')

(S BEGIN STATE 26

;ST26 (MOD 1.2) PATTERN NUM ONE

ST2, LDX #( ;CLEAR X REG
STX MFLAG ;CLEAR MOOR FAG AND PROS FLAG
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LUX ;LE ;LTS IWO-WYYE RASTER FAAM -A
STX AZKEY ;ENTERS AZ PART OF FIRST POINT

LDX PROGC
STX ELKEY ;SAVE TWO-BYTE ANSWER

LDX #ZD2BH ;GET ASCII "MINUS" AND "PLUS" VALS FOR SIGNS

STX AZKEYS ;ENTER AZEL SIGN VALS
LDX #ST26A

SIX STADDR ;SAVES RETURN ADDRESS
CLR PROCNT ;CLEARS PROGRAM STATE COUNTER
DEC PFLAG

JMP STO ;SETS PROG FLAG,GO TO CNTRL LOOP,ANTICIPATE RETURN
ST26A LDA B #02BH

STA B AZKEYS ;ENTER #' POINT IN RASTER
LDA B ELSIGN ;GET CURR EL SIGN VAL

CMP B #23H :IS POSOTIONER ABOVE AZ AXIS
BEO ET2AI ;QR IF HAS RASTER IS NOT DONE

LOA A ELBCD ;GET CURR EL POSITION

LOA B ELBCD+I
LDX #PROGC ;X REG POINTS TO DESTINATION

3SR BCDSUB ;(CURR EL POS)-(DEST)

CMF A #1 ;CK PROXIMITY IF POSITIONER TO TERMINATION POINT

BHI WEIRD ;ABSOLUTE MAG > I.XX DEG
BRA DONE ;POSITIONER WITHIN TERMINATIN RANGE. STOP

WEIRD Tsr CARRY ;CK IF PAST POINT
DMI ST26AI ;RASTER STILL WORKING DO NOT STOP

DONE LDX #ST26D ;DEST REACHED, STOP RASTER
BRA ST26A2

ST26AI LOX #ST26B :RASTER NOT FINISHED GOTO NEXT POINT
ST26A2 STX STADDR ;SAVE RETURN ADDRESS

INC PROCNT ;INC PROGRAM COUNTER

JMP STO ;GO TO CONTROL LOOP, ANTICIPATE RETURN
ST268 LDA B ELSIGN ;GE CURR EL SIGN

CMP B #2BH ;HAS POS CROSSED AZ AXIS?
BEQ ST16BO ;GO IF STILL ABOVE AXIS
LDA A ELKEY I ;CROSSED AXIS MUST COMPENSATE
ADD A FROGB+l (CURN EL)*(INCREMENTAL ANGLE)
DAA
TAB :SAVES LS INFO IN ACCB

LDA A ELKEY

ADOC A PROGB
DAA

BRA ST26BOI %BR TO ENTER EL CO-ORDINATE
ST26BO LDA A ELKLY ;CALC POINT #3

LDA B ELFEY+l ;GET CURR EL POS
LDX #PROGB ;GET ENTERED INC ANGLE
JSR hCDSUB

ST26B01 STA A ELKEY ;ENTER IS THIRD POINT
STA B ELKEY+I

TST CARRY ;HAS POSITIONER CROSSED AZ AXIS?
BEO SF2601 QBR IF NOT CROSSED AXIS

LDA A #2DH ;ONCE CHANGED TO MINUS, WILL STAY MINUS

STA A ELIEYS ;CHANGES EL SIGN TO MINUS AT CROSSING
ST26D1 LDA B PROCNT ;GEIS CURRENT VAL OF FROG COUNTER

CNP B #3 ;IS PERIOD OF SCAN COMPLETE?
R:O ST26B2 ;BR IF PERIOD NOT COMPLETE
LOX #ST26C ;PERIOD OF SCAN WILL BE COMPLETE
INC PROCNT

BRA ST26B3
ST26B2 LOX OST26A ;RET TO SECOND POINT

CLR F'k0CNr :CLEARS PROCNTSTART SCAN OVER

ST2602 siX STADDR ;SAVE RETURN ADDRESS
JMP ST:) ;GO CONTRL LOOP, ANTICIPATE RETURN

ST26C LDA B #ZDH :ENTER POINT 4
STA B AZEYS ;REVERSE SIGN OF AZ POSITION

LDX 1269 ;RETURN FOR POINT 5 INSTRUCTIONS

STY STADDR :SAVE RETURN ADDRESS
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I Nc IR~ ; NC P,6Uti*l Ut1 uufLt
Ji P STh

ST26D CLR PFLAG ICLEAR PROGRAM FLAG
imp 5T7 ;DISPLAY'FOSITIONER HALTED"

;GO TO CONTROL LOOP AND DO NOT COME BACK
;END STATE 2~6 p99'Pp~9999999999999

BEGIN STATE 27

;5T27-PATTERN

STX riPLAG ;THIS CODE SAME AS ABOVE
LOX PROGA

TA AZ KEY
LOX PROOC
STX ELK.EY
LOX 4-DB9H
STX AZi>EYS
LOX $*Srz7A
STX STADUR
CLR FROCNT
DEC PFLAG

Jip STt)
ST27A LD)A B tttZODH

STA B ELKEYS

LU-i S AZSIGN

BED ST27Al
LEA A AZBtO
LOP) P AzOC-4-1~
LOX #PFOGC

C>iP A #1
PHI *QEIRIl
BRA DONEI

WEIROL TGT CARKRY
SM I ST2-7AI

DONEI LOX #3T270
BRA STI7AZ

ST27AI LODX #STZ7d
'SlT7A- SF-X STADOR

lIC FROCIJI
imp STO

STZ7B LOA B AZSIGN
ClIP B #ZDH
Beo ST2YBI.)
LOA A AZLEY.I
ADD A PROGB+I
OAA
TAB
LDA A AZKEY
AOC- A PROGB
OAA
B3RA ST27BO1

5T2790 LEA A AZKEY
LDA B AZiFEY+1

LDX #PROGB ;GET ENTERED INC COUNTER
JsR E4CDSUB

ST217BoI OVA A AllEY ;ENTER IN THIRD POINT
STA B AZKE'(4I
TST I fhRvy
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LDA B #2BH
STA B AZK:EYS

ST2781 LDA B PROCNT
CMPB #3
BED ST2792

LDX #ST27C
INC PROCNT
BRA ST27BZ

ST27B2 CLR PROCNT
LDX #ST:7A

ST2!7B3 STX STADDR
imp STO

ST2-7C LDA B #:!BH
STA B ELKEYS
LOX #ST279
STX STADDR
INC PROCNT
imp STC'

ST27D CLR F-FLAG
JIIF ST7
;END STATE 27
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BEGIN STATE 29
I; 1;

;ST29-GENERATES ONE CIRCLE W/RADIUS "A" (MOD 1.2)

ORG 2COOH

ST29 LOX #0
STX PROANG ;INIT ANGLE COUNTER
STX MFLAG ;CLEAR PROGFLAG AND MOTFLAG
LDA A PROGA ;GET ENTERED ANGLE "A"
LDA S FROGA+1
JSR DIVIDIOO ;DIVIDE ANGLE BY 100 (XX. XX=>O'XX.)
JSR BCDBIN ;CONVERT BCD TO BIN
STA A RADIUS ;SAVE TWO BYTE RESULT
STA B RADIUS+I
DEC PFLAG

ST29A LDX PROANG ;GET UPDATED ANGLE COUNTER
CPK #-61 ;COMPARE PROANG TO 761 DEGREES
BED ST29B ;BR IF PATTERN FINISHED
LOX #PROANG ;SET X POINTER TO ANGLE POINTER
JSR TRGVALUE ;GET SIN,COS
LDX NST29A

SIX STADDR
LOX PROANG ;BEGIN UPDATING PROANG
INX ZINC PROANG BY I DEG
SIx PROANG
JMF' STC)

ST29B CLR PFLAG
JPip ST7
;END STATE 29

BEGIN STATE 30

;ST3T-SET NEGATIVE ELEVATION LIMIT

ST30 LDX #MSG16
JSR ASCDIS ;DISPLAY "NEG EL LIMIT"
LOX #DISEL+6
STx SAVEX ;SAVE DISPLAY TRACKING POINTER
LDA A NELLIM ;GET CURRENT NEGATIVE ELEVATION LIMIT
LEA B NELLIM+1
,J DDIS tDISPLAY CURRENT NEG EL LIM
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JSR MOVED ;FIX LAST ENTRY IN DECIMAL PT
LOX #TO
STX STADOR ;STORE RETURN ADDRESS

STZOA LOA A I FLAG
BPL ST3OQA
CLA KFLAG
LDA A NEVENT
LOX #SF'3O
3SF ADOCAL
LOX 04,X

ST3os LDX ENTRYA
STX NELLIM
BRA STZC,:A
;END STATE 7-1

BEGIN STATE 51

:STZ1I-SET P05 EL LIMITS (MOD 1.1)

5T51 LDX #MSG17
3SF ASCOIS ;DISPLAY "POS EL LIMIT"
LOX #OISEL+6
STX SAVEX
LDA A FELLIM ;GET POS EL LIMIT
LOA B PELLIM+I
3SF BDDIS
3SF MlOVED
LOX s*ST:3TB
STK STADDR

STZ1A LOA A LELAG
BPL ST7S1A
CLF KFLAG
LOA A EVENT

3SF ADOCAL
LOX C..X

ST31B LOX ENTRYA
STX PELLIM
BRA STZ,1A
;END STATE -,I

BEGIN STATE 52

;ST7*,-SET NEG AZIMUTH LIMIT

ST72 LOX 4*MSG1B
3SF ASCOIS ;DISPLAY "NEG AZ LIMIT
LOX #DISEL+6
STX SAVEX
LOA A bJAZLIM ;GET P05 AZ LIMIT
LOA B NAZLIM+1
3SF E'CDDES
3SF MOVED
LOX #ST ZB
STX STADDA

ST7SSA LDiA 0 FLAG
F I- S T 2A
CLR KELAG
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LDA A KEYENT
LDX #SP32
JSR ADDCAL
LDX 0.X
JMP ,X

ST329 LDX ENTRYA
STX NAZLIM ;UPDATE NEGATIVE AZIMUTH LIMIT
BRA ST32A
;END STATE 32

;U BEGIN STATE 33

;ST33-SET POSITIVE AZIMUTH LIMIT (MOD 1.1)

STZ73 LDX *MSG19
JSR ASCDIS ;DISPLAY "POS AZ LIMIT"
LDX #DISEL+6

STX SAVEX
LDA A PAZLIM
LDA B PAZLIM I

JSR BCDDIS ;DISPLAY CURRENT POS AZ LIMIT
JSR MOVED
LDX #ST33B
STX STADOR

ST33A LDA A KFLAG
BPL ST33A
CLR $iLAG
LDA A fEYENT
LDX #5F33
JSR ADDCAL
LDX 0, X
JMP ,X

ST73B LDX ENTRYA
STX PAZLIM
BRA ST3A
*END STATE 33

BEGIN STATE 34

4ST34-INPUT NUMBERS FOR SETTINR LIM!TS--IST

ST34 LSR A IBEGIN INPUTCONVERT KEYCODE TO BCDCODE
TAB
JSR PACK ;PACKS BCD INPUT INTO PACKED BCD FORM
ADD B #oH ;CONVERT TO ASCII #
LDX SAVEX
STA B ), X
INX ;INC TRACKING POINTER
srx SAVEX

ST34A LDA A ?FLAG
BPL ST34A
CLR KFLAG
LDA A fEYENT
LDX #SP34
JSR ADOCAL
LDX O0X
JP 0, X

'END STATE 34

BEGIN STATE Z5
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;ST35-lNPUT B4CD NUMBER.--2ND

ST35 LSR A ;CONVERT KEYCODE TO BCD CODE
TAB
JSR PACK
ADO B #30H-
LOX SAVEX
STA B 0X
INX
STX SAVEX

ST35A LOA A KFLAG
E4PL ST35A
CLR K FLAG
LDA A KEVENT
LOX #SPZ5
3SF ADDCAL
LOX (),X

;END STATE 35

U BEGIN STATE 36

,STZ6-INPUT DECIMAL POINT

ST76 LOA B #2-H ;CONVERT INPUT TO BCD CODE
LOX SAVEX
STA B 0,X
I NX
STX SAVEX

ST76A LDA A FLAG
BFL STZ6A
CLR tFLAG
LOA A KEVENT
LOX *ISP7,
3SF ADOCAL

;END STATE 36

H BEGIN STATE 37

,ST3,7-INFUT LAST BCD CHARACTER--SPO

5T77 LSR A ;CONVERT INPUT KEYCODE TO BCO CODE
TAB
3SF PACK
ADD B #30H
LOX SAVEX
STA B 04X

ST37A LOA A ENTRVA
LDfl 3 ENTRYD
3SR TSTANG ;TEST FOR ANGLE LIMIT CONDITION
LOX STADOR
irp 0, X
;END STATE Z7

H BEGIN STATE 3D

;ST3G-SET AZ GIMBAL.SPEED

3T;B LOX #MSG32I
.13R ASCOrISz ;DISPLAV 'AZ GIMBAL SPEED"
Li
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tbi A ' AVYEX
LDA A AZSPEED ;GET LAST USER SELECTED GIMBAL SPEED
STA A OX
LOX #ST3B
STX STADDR ;SAVES RETURN ADDRESS

ST3s8A LDA A KFLAG
BPL ST38A
CLR KFLAG
LDA A KEYENT
LOX hSP38
JSR ADDCAL
LOX ). Ximp O,X
JMP (X

ST38B LDA B SPEED ;GET USER SET GIM SPEED (ASCII)
STA B AZSPEED ;SAVE AZ GIM SPEED
LDA B GIMSPEED 1ST HEX FORM OF GIM SPEED
STA B AZSPD ;SAVE HEX FORM OF GIMBAL SPEED
BRA STSA :GO BACK TO WAIT FOR ANOTHER KEYENTRY
;END STATE 38

BEGIN STATE 39

;ST39-SET EL GIMBAL SPEED (MOD 1.3)

5T39 LOX #MSG2Z
JSR ASCDIS ;DISPLAY "EL GIMBAL SPEED"
LDX #DISEL+8
STX SAVEX
LDA A ELSPEED ;GET LAST USER SELECTED GIMBAL SPEED
STA A 0,x
LOX #ST39B
STX STADDR

ST39A LDA A KFLAG
B L STZ9A
CLR 'FLAG
LDA A VEYENT
LDX IfSP:9
JSR ADDCAL
LDX 0, X
JMP ),X

5T39B LOA B SPEED ;SET USER SEL SIM SPD (ASCII)
STA B ELSPEED ;SAVE EL GIM SPEED
LOA B GIMSPEED ;GET HEX FORM OF GIM SPD
STA B ELSPD :SAVE HEX FORM OF GIM SPD
BRA ST39A
;END STATE 39

I; BEGIN STATE 40

;ST40-INPUT SINGLE DIGIT GIMBAL SPEED (MOD 1.3)

ST40 LSR A ;CONVERT KEYCODE TO 0-9
TAB
ADD B *30H
LOX SAVEX
STA B oX
STA B SPEED
LOX #SPDTB
JSR ADDCAL
LDA B OX
STA B GIMSPEED
LOX STADDR
JMr ), X
:rND STATE 40
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I FPTBCO- SUBROUTINE
CONVERSION OF 32 BIT FLOATING POINT NUMBER INTO A 32 ;;
BIT PACKED BCD. ROUTINE ASSUMES 32 FLT PT NUM-"FPT32" ;
ENTRY: X-REG POINTS TO LOCATION OF RESULT
EXIT : BCD RESULT SPECIFIED BY X REG, REG A,B DESTROYED ;;

FPTBCD STX SAVEXI ;SAVES RESULT POINTER
CLR INTREG ;INITIALIZES INTEGER REGISTERS
CLR INTREG+1
CLR OX ;INIT BCD SIGN VAL

LDX #FPT32 ;SET POINTER TO 32 BIT NUM
LDA A oX ;GET EXP' PART OF 32 BIT NUM
BEQ FPT7 ;DONT SHIFT IF EXP=O
BPL FPTI ;BR IF 32 BIT NUM >0
LDX SAVEXX ;IT IS NEG, FIX BCD SIGN BYTE TO BE NEG.
DEC OX ;SIGN BYTE NEGATIVE
LDX *FPT32 ;RESET DATA POINTER

FPT1 ASL A ;CONVERTS 7 BIT 2S COMP TO 8 BIT COMP
ASR A
BPL FPT4 ;BR TO POS SHIFT ROUT IF 32 BIT * POS
LDA B #17 ;INIT BIT COUNTER (MOO 1.4)

FPT2 LSR 1,X ;MOVES BINARY POINT OVER TO LEFT
ROR 2,X ;(MOD 1.4)
ROR 3,X ;(MOD 1.4)
DEC B ;DEC BIT COUNTER
BNE FPT3 ;BR IF UNDERFLOW DOES NOT OCCUR
BRA FPT7 ;BR TO END OF ROUTINE

FPT3 INC A ;ADJUSTS THE EXP
ONE FPT2 ;BR THRU LOOP UNLESS BIN POINT ADJUSTED
BRA FPT7 ;BR TO CONVERSION PART OF ROUTINE

FPT4 LDA B 017 ;INIT BIT COUNTER (MOD 1.4
FPT5 ASL ZX ;BEGIN POS SHIFT ROUTINE

ROL 2,X ;ROTATE THIRD BYTE OF 32 BIT NUM
ROL IX ;ROTATE SECND BYTE OF 32 BIT NUM
ROL INTREG+1 ;ROTATES 32 BIT NUM INTO INTEGER REG
ROL INTREG
DEC B ;DEC BIT COUNTER
BNE FPT6 ;OR IF OVERFLOW HAS NOT OCCURED
SEV ;SETS OVERFLOW BIT TO DENOTE AN ERROR
BRA FPT8 3OR TO END OF ROUTINE

FPT6 DEC A ;ADJUST EXP
BNE FPT5 ;DR THRU LOOP UNLESS BIN PT ADJSTED

FPT7 LDA A 1IX ;GET BIN FRACTION IN ACCA
LDA B 2.X I(MOD 1.4)
PSH A ISAVE A
PSH B ;SAVE 9 (MOO 1.4)
LOX SAVEXI ;SETS DATA POINTER
INX
LDA A INTREG ;RETRIEVES THE BIN INTEGER
LOA B INTREG.I
BSk BINBCDED ;CONVERT INTEGER PART
LOX SAVEXI ISETS DATA POINTER
INX
INX
INX
PUL 3 ;(MOD 1.4)
PUt. A
BSR BINFPT ;CONVERT FRACTIONAL PART

FPTS RTS ;RETURN
;;llla llll;;;trn ;;; llll;lllllllll;! lllll; ;ll;;!a j;a a ,a;;lllllll ;;llll ; ;;alll
sI "SINBCDED"-SUBROUTINE
11 BINARY TO FACYED BCD CONVERSION ROUTINE 11
;3 LOAD ACCA,ACCB WITH A 16 BIT BIN NUM U

LOAD INDEX REG WITH ADDRESS OF MS BYTE OF WHERE PUT PACKED BCD ANS;
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RETURNS WITH PAC.ED INFO IN SPEC LOCATION AND IN ACCA,ACCB :
THE LEAST 4 MS DECIMAL VALS WILL BE CONTAINED IN THE PACKED BCD ANSI;

BINBCDED STX SAVEX ;SAVE DATA POINTER
LOX #KIOK ;INITS X-REG FOR 1ST BCD CONV CONST
CLR ENTRYi
CLR ENTRY2

ZVDEC1 CLR SAVEA ;CLEAR BCD CONVERSION COUNTER
ZVDEC2 SUB B 1,X

SBC A O,X
BCS ZVDEC5 ;BR IF SUB PRODUCES OVERFLOW
INC SAVEA ;DEC CHAR BEING BUILT, INC SAVEA
BRA ZVDEC2

ZVDEC5 ADD B i,X
ADC A O,X ;RESTORES PARTIAL RESULT UPON OVERFLOW
PSH A ;SAVE ACCA
LOA A SAVEA ;GETS BCD CONVERSION COUNTER
SSR PACKED ;PACKS NEWLY FORMED BCD CHARACTER
PUL A ;RESTORES ACCA TO FORMER VALUE
INX
INX
CPX #K1OK+1O ;TESTS TO SEE IF CAST CONSTANT HAS BEEN USED
BNE ZVDECi
LDA A ENTRYI ;LAST CHARACTER HAS BEEN REACHED
LDA B ENTRY2
LDX SAVEX
STA A O,X
STA B 1,X ;SAVES 16
RTS
;END BINBCDED SUBROUTINE

;; "PACKED" SUBROUTINE ;
PACKS BINARY NUMBER INTO BCD FORM If
ACCA SHOULD CONTAIN THE UNPACKED BCD FORM I;

a; ROUTINE DESTROYS CONTENTS OF ACCA If

PACKED ASL ENTRY2 IONE BIT LEFT SHIFT WITH ZERO FIL
ROL ENTRYI
ASL ENTRY2
ROL ENTRY;
ASL ENTRY2
ROL ENTRYI
ASL ENTRY2
ROL ENTRYI ;SHIFTS 16 SIT BINARY INFO OVER ONE CHAR
ADD A ENTRY2
STA A ENTRY2 ;ENTRY2 FORM-"XO-,PACKS ANOTHER UNPACKED FORM
RTS ;RETURN FORM SUBROUTINE
;END PACKED

;; "BINFPT" SUBROUTINE
If CONVERSION OF FRACTIONAL PART OF BINARY NUM TO PACKED BCD I;
;I LOAD FRACTIONAL PART IN ACCA BEFORE EXECUTING ;
I; ACCB IS USED IN CALCULATION ra
a; ROUTINE EXITS WITH BCD ANSWER (4 DEC PLACES) IN ACCAACCB I;

BINFPT STX SAVEX ;SAVES DATA POINTER
STA A SAVEA ;SAVE FRACT PART
STA B SAVEB ; (MOD 1.4)
LOA B #16 ;(MOD 1.4)
STA B SAVEC ;SAVE BIT COUNTER (MOD 1.4)
LDX #CONST ;SET POINTER IN ACCX AT FIRST BYTE OF CONSTANTS •
CLR A
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CLR 9
BINI STA A TEMPA ;SAVE ACCA TEMPORARILY

ASL SAVED ;LOOK AT NEXT BIT
* ROL SAVEA
B BCC BINZ ;BR PAST LOOP IF C-O
TBA ;OUT ACCB INTO ACCA
ADD A 1,X ;C1,ADD IN CONSTANT
DAA
TAB
LDA A TEMPA ;RETRIEVE ACCA FROM TEMP STORAGE
ADCA OX
DAA

BIN2 INX ;INC ACCX TO NEXT CONSTANT
INX
DEC SAVEC ;DEC BIT COUNTER
BNE BINI ;BR THRU LOOP UNTIL 8 BITS ARE SHIFTED
LDX SAVEX ;RETREIVE DATA POINTER
STA A O,X ;SAVE 16 BIT .PACKED BCD CHARACTE
STA B IX
RTS ;RET PROM SUBROUTINE

"DIVID100
°° 
SUBROUTINE 5;

DIVIDES BCD VAL BY 100
ENTRY: ACCA,ACCB CONTAIN 16 BIT BCD NUMBER
EXIT : ACCA,ACCB CONTAIN 16 BIT BCD RESULT

DIVID100 TAB ;THROWS AWAY THE FRACTIONAL PART
CLR A ;ACCAACCB="0OXX"
RTS ;RETURN FROM SUBROUTINE
;END DIVIDlO0

;; "CHSIGN" SUBROUTINE
CHANGES THE SIGN OF A TWO BYTE COORD FROM ONE STATE
TO THE OTHER
ENTRY: ACCB CONTAINS SIGN INFOX REG POINTS TO LOCATION OF

SIGN INFO
EXIT : ORIGINAL SIGN INFO AUTOMATICALLY CHANGEDACCS DESTROYED ;;

CHSIGN CMP B #2BH ;FIND OUT SIGN
BEQ CHSIGNI ;BR IF PLUS
LDA B #2BH ;SIGN IS MINUS
BRA CHSIGN2

CHSIGNI LDA B #2DH iCH PLUS TO MINUS
CHSIGN2 STA B O.X ;UPDATE SIGN VAL

RTS ;RETURN
;END CHSIGN

a; "CONSIGN" SUBROUTINE
;1 GETS SIGN OF Z2 BIT FP * ANDFINDS ASCII EQUIV
5; ENTRY: ACCB CONTAINS SIGN PORTION OF FP "

X REG CONTAINS LOCATION OF RESULTING SIGN ;
;; EXIT a APPROPRIATE SIGN IS LOCATED, ACCB DESTROYED. ;

CONSIGN BMI CONSIGNI IBR IF NEG
LDA B #2BH ;SIGN IS PLUS ASCII - 2BH
BRA CONSIGN2

CONSIGNI LDA B #2DH ;SIGN IS MINUS ASCII IS 2DH
CONSIGN2 STAB O.X ;UPDATE SIGN VAL

RTS ;RETURN
;END CONSIGN

;l "TRGVALUE" SUBROUTINE - SINCOS OF BINARY ANGLE 55
a: ENIRY: ACCTP# BYTES, X-REG POINTS TO ADDR OF'BIN ANGLE as
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i ALa 6I b lk VAL ALKP.Y ANU LLKEY ARE REPLACED, ACCB DESTROYED ;;

TRGVALUE LDA B *2H IACCB-#BYTE TO BE PUT AT TOS
BSR PUSH IPUSH ANGLE ONTO APU STACK
BSR FLTS ;CONVERT ANG TO 32 BIT FLT PT FORM
LOX #RADIANS ;X-REG POINTS TO PI/180 CONST
LDA B *4H
BSR PUSH
BSR FMUL ;BIN ANG * Pi/teO - ANGLE IN RADIANS RESULT TOS
BSR PTOF ;DUP BIN ANGLE AT NOS
BSR COS .;TAKE COS OF ANGLE
LOX #RADIUS ;X-REG POINT TO RADIUS 16.BIT FIXED POINT
LOA B #2H
BSR PUSH
BSR FLTS ;CONVERT RADIUS TO 32 BIT FL PT #
BSR PTOF ;PUSH 32 BIT TOS TO NOS
BSR POPF ;32 BIT APU STACK POP
BSR FMUL ;RADIUS*COS(ANG) ELEVATION
LOX #FPT32
LOA B #4H"
BSR PULL ;PULL ELEVATION FROM APU STACK
LOX #ELRESULT ;X POINTS TO LOCATION OF RESULT
JSR FPTBCD ;CONVERT 32 BIT FP TO 4 BYTE BCD RESULT
BSR SIN
BSR FMUL ;RADIUS*SIN(ANG)=AZ
LOX #FPT32
LOA B #4H
BSR PULL
LDX #AZRESULT ;X-REG POINTS TO RESULT
JSR FPTBCD ;CONVERT 32 BIT FP TO 4 BYTE BCD RESULT
LOX #ELKEYS
LDA B ELRESULT ;GET 1ST BYTE OF RESULT
BSR CONSIGN ;CONVERTS FP SIGN TO ASCII VAL
LOX #AZKEYS
LOA B AZRESULT
BSR CONSIGN
LDX #ELRESULT
LDA A 2,X ;GET MSBYTE OF MAG VAL OF FPT
LOA B 3,X ;GET LSBYTE OF MAG VAL OF FPT
STA A ELKEY ;UPDATE EL COORD
STA B ELKEY+l
LDX #AZRESULT
LOA A 2,X ;GET MAG VAL OF FPT
LDA B 3,X
STA A AZKEY
STA B AZK(EY+1
RTS ;RETURN
;END TRGVALUE

;; "PUSH" SUBROUTINE - MOVES B BYTES OF DATA ONTO APU STACK ;;
;; ENTRY: ACCB CONTAINS * BYTES TO PUSH ONTO STACK
9; ACCX CONTAINS ADDRESS OF MSBYTE OF DATA TO PUSH ;
; EXIT i DATA WILL BE PLACED ON APU STACK SUCH THAT MSB OF ;;

WILL BE TOS. X-REG DESTROYED , ACCS DESROYED ;;

PUSH PSH B 8SAVES THE NUMBER OF BYTES
PUSHI INX

DEC B
BNE PUSHi ;BR THRU TILL LAST BYTE REACHED
STX TEMPX
PUL B ;RETRIEVES * BYTES TO BE PUSHED

PUSH2 DEX ;ACCESS NEXT ADD TO PUT ONTO APU STACK
LOA A O,X
STA A APUDATA ;ENTER CURR BYTE OF DATA ONTO APU STACK
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OLL 1
BNE PUSH2
LDX TEMPX
RTS
;END PUSH

II "FLTS" SUBROUTINE
;; CONVERT 16 BIT FIX PT TO 32 BIT FP
;; ENTRY: 16 FIXED * ON TOS
;; EXIT : WHEN APU FINISHED

FLTS LDA B #1DH ;LOADS IN FLOAT OPCODE"

BRA TSTEND ;WAIT TILL APU FINE

"PTOF" SUBROUTINE
2DUP TOS AT NOS

ENTRY: 32 BIT FP # AT TOS
EXIT : WHEN APU FINISHED

PTOF LDA B #17H
BRA TSTEND

; COS SUBROUTINE P; 32 SIT FLOATING COSINE

ENTRY: 32 BIT FP AT TOS
EXIT : WHEN APU DONE

COS LDA B #3H ;LOAD IN COS COMMAND
BRA TSTEND

"POPF" SUBROUTINE - POP NOS INTO TOS
ENTRY: 32 SIT FP # AT TOS
EXIT : WHEN APU DONE

POPF LDA B *18H
BRA TSTEND

"FMUL" SUBROUTINE - 32 BIT FLOATING POINT MULTIPLIER
ENTRY 2 #"S ON TOS AND NOS
EXIT s WHEN APU DONE

FMUL LDA A #12H
BRA TSTEND

"PULL" SUB - REMOVES B BYTES OF DATA FROM THE STACK
ENTRY: ACCB B # BYTES TO BE PULLED

;ACCX - ADDRESS TO WHERE TOS TO BE PLACED

EXIT : WHEN DONE

PULL LDA A APUDATA
STA A OX
INX
DEC 8
BNE PULL
RTS

;"°SIN" SUB - 32 BIT FP SIN
; ENTRY: 32 BIT FP AT TOS
; EXIT : WHEN DONE

SIN LDA B *2H
BRA TSTEND

"XCHF" SUB - EXCH 32 BIT OPERANDS TOS AND NOS
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SM~itY bUIH b~ Nub I b UN 141U 6 [MC( BEFIJUR XEiW
EXIT t WHEN DONE

XCHF LDA B #19H
BRA TSTEND

'FADD" SUB - 32 BIT FLOATING POINT ADDITION
ENTRY: BOTH #I' ON STACK

FADD LDA B #10H
BRA TSTEND

"FSUB" SUBROUTINE - 32 BIT FP SUBRACT
ENTRY: BOTH #"S ON TOS AND NOS
EXIT t RESULT ON TOS

FSUB LDA B #11H
BRA TSTEND

I"FDXV' SUB- DIVIDE 2 32 BIT FP #"S
* NOS/TOS

ENTRY: 2 32-BIT 0"S ON NOS AND TOS

FDIV LDA B #13H
BRA TETEND

"TSTEND" SUBROUTINE - Loops UNTIL ENDFLA13 FROM APU LOW (PA7 OF PIA2)
ENTRY: ISSUE COMMAND TO APU
EXIT : WHEN APU DONE

TSTEND STA B APUSTAT ; ISSUES COMM TO APU
TSTENDI LDA A DDRA3 ;CK ENDFLAG

BPL TSTENDI ;LOOP TILL LOW
LOA A APUSTAT ;CLEAR FLAG
RTS

*'RESTO' SUBROUTINE - RETURNS THE KEYBOARD TO AN INITITIALIZED STATE
SO THAT ANY KEY PRESSED WILL GENERATE AN INTERRUPT

RESTO LDA A #OFH
STA A DORA ; RESTORE THE ROWS OF KBD FOR NXT KEY PUSHED
LDA A DORA ;CLEAR IRD BITS IN CRA
LOA A #OFFH
STA A MFLAG ;DIS CONTROL LOOP
RTS

",MOVED" SUBROUTINE - INSERTS A DECIMAL POINT IN FRONT OF LAST
BCD CHARACTER (USED IN ST30-33)

MOVED LDA A DISEL.B
LDA B 02EH
STA B DISEL+8
STA A DISEL+9
RTS

3"CPFLAG" SUBROUTINE - (MOD 1.1)

CPFLAG LDA A ;3FLAGA
CMP A #OFFH
BNE CR1
TST PPLAG ; LOOKS AT PROGRAM FLAG
BED CP1 ;BR TO CNTRL LOOP IF NOT IN PROGRAMMED SEQ
LOX STPDDR ;YES,A PROGRAMMED SEQ CURRENTLY IN OPERATION
imp O,X ;JMPS BACK TO THE PROGRAMMED CONTROL LOOP

CPI imp STO ;PROGRAM FLAG CLEARED~.3OTO CNTRL LP

"TSTANG" SUBROUTINE
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' ;COMPARES THE TWO ACCX"S WITH THE CONTENTS OF THE
INDEX REGISTER. RETURNS FROM SUB IF CONTENTS OF
INDEX REGISTER ARE > THE CONTENTS OF THE ACCX"S
BRANCHES TO ERROR 6 IF NOT

TSTANG LDX #LIMIT
JSR BCDSUB
TST CARRY
BMI NOPE
iMP ST6 ;BR IF ENTERED ANGLE EXCEEDS LIMIT OF +/- 40.0

NOPE RTS

"BCDBIN" SUBROUTINE
CONVERTS FOUR BINARY CODED DECIMAL DIGIT
TO A BINARY EQUIVALENT. THE BCD DIGITS ARE PACKED
TWO PER BYTE. THE BINARY RESULT OCCUPIES TWO BYTES
THE BCD DIGITS ARE LOADED INTO THE ACCA AND ACCB
(MSD-ACCA) AND THE BCDBIN SUBROUTINE IS CALLED.
THE ROUTINE EXITS WITH THE BINARY RESULT IN ACCA
AND ACCB (MOD 1.1)

BCDBIN STA A SAVEI #SAVE 2 BCD VALS
CLR BINUPR
TBA
AND B #OFH ;SAVE ONLY LS BCD VAL
LSR A
LSR A
LSR A
LSR A

TENLP BED DOHUND ;GO DOHUND WHEN TEN IS ZERO
ADD B #10 ;ADD 10 TO BINARY TOTAL
DEC A ;DEC TENS DIGIT AND
BRA TENLP ;REPEAT UNTIL 0

DOHUND CLC
LDA A SAVES ;GET HUN IN THOU DIGIT
AND A #OFH ;SAVE ONLY HUN DIGIT

HUNLP BEO DOTHOU ;DO THOU IF HUN IS 0
ADD B #100 ;ADD 100 TO BINARY VAL
BCC HUNOO
INC BINUPR ;ADD 256 TO BINARY UPPER VAL

HUNO0 DEC A ;DEC HUN DIGIT ONE
BRA HUNLP ;REPEAT TIL 0

DOTHOU LDA A SAVES ;GET THOU DIGIT
LSR A
LSR A
LSR A
LSR A
STA A SAVES ;SAVE THOU DIGIT'
BNE THOUOO ;BR IF THOU DIGIT 0
LDA A BINUPR ;GET BIN UPPER VAL
BRA XITBIN

THOUO0 LDA A BINUPR ;GET BIN UPPER VALUE
THOULP CLC ;RESET CARRY

ADD B 0232 ;ADD 232 TO BINARY LOWER
ADC A #3H ;ADD 768 TO BINARY UPPER
DEC SAVEI ;DEC THOU DIGIT
BNE THOULP ;REPEAT TILL THOU DIGIT 0

XITBIN RTS

"PACK" SUBROUTINE
PACKS BINARY 0"S INTO BCD FORM
ACCAwUNPACKED BCD FORM

; DESTROYS ACCA

PACF ADD A ENTRYB ;ENTRYB LOOKS LIKE "XO"

STA A ENTRYB ;PACKS IN ANOTHER RCD FORM
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AbL kN1RVB
ROL ENTRYA

ASL ENTRYB

ROL ENTRYA
ASL ENTRYB
ROL ENTRYA

ASL ENTRYB
ROL ENTRYA

RTS

; "ALSTOP" SUBROUTINE

ROUTINE THAT STOPS BOTH MOTORS FOR EXCEEDING ANGLE LIMIT

ALSTOP LDA A #OFFH

STA A LSBSAZ ISTOPS AZ MOTOR
STA A LSBSEL ;STOPS EL MOTOR
RTS

"BCDSUB" SUBROUTINE

SUBTRACT 2 16-BIT BCD PACKED #"S
SUBTRACTS INDEXED ADDRESS FROM ACCA,ACCB

INDEX REG CONTAINS STARTING ADDRESS

ACCAACCB CONTAINS # TO BE SUBTRACTED FROM

* RETURN RESULT IN ACCAACCB

* 9999
; * -IXRG *

; *

S* DIFF $

*

; * DIFF+l $
; 2 + BCD#

2 1 ANSWER

BCS TSTS OV CONDITION

BCC TSTS NO OV CONDITION

BCDSUB CLR CARRY ;RESET CARRY VALUE

CMP A O,X ;IS CONTENTS OF ACCA BIGGER ?

BHI SUBT ;BR IF MINUEND>SUBTRAHEND
BNE SWAP ;BR IF MIN<>SUBTRAHEND

CMP B l.X ;MSBYTE OF MIN=MSBYTE OF SUBTRAHEND

BHI SUBT cMIN>SUBTRAHEND

BEU SUBT ;MIN SUBTRAHEND OK TO SUBTRACT AS IS
SWAP PSH B ;SAVE MIN TEMPORARILY

PSH A
DEC CARRY ISET CARRY BYTE TO DENOTE OV

LDA A O,K ;GET SUBTRAHEND
LDA B IX

TSX ;X REG POINTS TO MINUEND

SUBT STA A TEMPA ISUBTRACT SMALLER FR GREATER 4
STA B TEMPB, ;SAVE GREATER OF 2 *'S

LDA A #099H
TAB ;ACCB-99

SUB A IX ;RESULT -> ACCAACCB "9999"

SUB B OIX ;SUBTRACT SMALLER NUM FROM 9999
SEC

ADC A TEMPB ;LS BYTE OF DIFF.LSBYTE OF GREATER NUM +1

DAA
PSH A ;SAVE LS BYTE OF RESUL

TUA ;MOVE MSBYTE OF DIFF INTO ACCA

AUC A TEMPA ;MSBYTE OF DIFF MSBYTE OF > + CARRY BIT
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E)AA
PUL B ;RETRIEVE LS BYTE OF RESULT
TST CARRY ;ACCA,ACCB-RESULT OF BCD SUBTRACT
BED BACK ;IF NO OV NO NEED CLEAN STACK
INS ;CLEAN UP STACK
INS

BACK RTS

"SHAENC" SUBROUTINE
READS SHAFT ANGLE ENCODERS

SHAENC LDA A MSBSAZ ;REPOS AZIMUTH ANGLE
LDA B LSBSAZ
STA A MSBENC ;STORES ANGLE IN TEMP LOC
STA B LSBENC
ASL B ;SCALE DAC OUTPUT BY FACTOR OF 2
ROL A
STA A DDRA2 ;OUTPUT MS 4 BITS OF AZ TO DAC
STAB DDRB2 ; " LS. .
LDA A MSBENC ;GET OLD A AND B
LDA B LSBENC
LDX #DIVISO
JSR DIVIDE ;DIVIDES ANGLE BY 14,912
LDX #AZBCD
JSR BINBCD
PSH A
PSH B

ADDITION OF SHAENC SUBROUTINE - CK + AND - AZ LIMITS

STA B TEMPB ;SAVES ACCB TEMPO
LDA B SIGN ;START LIM CK
CMP B #2BH
BEG PAL .;BR IF AZ COORD 
LDA B TEMPS ;AZ COORDS -
LDX #NAZLIM
JSR BCDSUB ;ACCX-NAZLIM
LDA A CARRY
BNE SHA2 (BR IF ACCX>NAZLZM

PALL LDA B #OFFH ;POSTITIONER EXCEEDED LIMIT
STA B LFLAGA ;SET AZ LIMIT FLAG
LDX #MSG1I
JSR ASCDIS DISPLAY "ANGLE LIMIT EXCEEDED"
JSR ALSTOP ;BR TO STOP BOTH MOTORS
JMP MSGB ;WAIT 1 SEC AND GO CNTRL LP

PAL LDA B TEMPB ;CK FOR + AZ LIMIT
LDX #PAZLIM ;GET + AZ LIMIT
JSR BCOSUB ;ACCX-PAZLIM
LDA A CARRY
BED PALl

SHA2 LDA A SIGN
STA A AZSIGN
LDA A #041H
STA A LETA
LDA A #05AH
STA A LETB
PUL B
PUL A
LDX #ANGLE
JSR BCDDIS ;UPACK BCD ANGLE
LDX #DISAZ
JSR ASC2 ;DISPLAYS PACKED BCD ON PANEL
LDA A MSBSEL ;READS EL ANGLE
LDA B LSBSEL
SIA A MSPENC ;STORE ANGLE TEMPORORILY
STA B LSBENC
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ASL B
ROL A
STA A DDRA3. ;OUTPUT MS 4 BITS OF EL TO DAC

STA B ODRB3 ;OUTPUT LS 4 BITS OF EL TO DAC
LDA A MSBENC ;GET OLD A AND B
LDA B LSBENC

LDX *DIVISO
JSR DIVIDE ;DIVIDE ANGLE BY 14,912
LOX #ELBCD
JSR BINBCD ;RET PACKED BCD #
PSH A
PSH 8
STA B TEMPB ;HANDLES CHANGE IN COORD SYSTEM
LDA B SIGN
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